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ABSTRACT 

LM-2500  gas  turbine  engine  rotable  pool  requirements 
were  studied  using  computer  simulation.   System  operating 
characteristics  were  observed  with  various  scenarios  and 
management  philosophies.   Several  purchase  plans  were 
formulated  and  tested  once  system  trends  were  established. 
From  this  information,  cost-effectiveness  relationships 
were  derived. 

Best  estimates  of  system  variables  indicated  that  cost- 
effectiveness  was  optimized  for  a  rework  capacity  of  seven 
to  eight  engines  and  the  purchase  of  fourteen  to  sixteen 
engines  early  in  system  life  as  rotable  pool  spares. 
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I.   INTRODUCTION 

The  U.S.  Navy  has  awarded  a  contract  to  Litton  Industries 
Inc.  to  build  thirty  gas  turbine  powered  destroyers.   These 
ships,  known  as  the  Spruance  or  DD  963  class,  are  unique  in 
many  respects.   They  will  be  built  by  a  single  contractor  in 
a  new  shipyard  designed  to  employ  the  most  advanced  construc- 
tion technology  and  mass-production  techniques .   Weapons  sys- 
tems will  be  off-the-shelf  items  but  ample  space,  weight, 
and  electrical  power  margins  have  been  designed  into  the  ships 
for  future  weapons  systems  modifications. 

One  of  the  unique  features  of  the  DD  963  class  ships  is 
their  main  engines.   These  engines  are  General  Electric 
LM-2500  gas  turbines,  a  marine  version  of  the  engine  which 
powers  the  Lockheed  C5A  transport  aircraft.   The  ships  have 
been  designed  so  that  an  engine  can  be  removed  and  a  new  one 
installed  in  less  than  twenty  four  hours.   Except  for  a 
crane,  special  equipment  is  not  required  by  the  ships  crew 
to  effect  an  engine  change.   This  allows  the  engines  to  be 
designed  for  virtually  no  shipboard  maintainence;  conse- 
quently, a  substantial  saving  in  manpower  is  realized. 
Another  result  of  this  quick-change  capability  is  that 
shipyard  periods  are  independent  of  engine  life  and  can 
therefore  be  scheduled  at  greater  intervals. 

Utilization  of  a  quick-change  capability  requires  the 
maintainence  of  a  rotable  pool  from  which  replacements  for 
high- time  and  failed  engines  can  be  drawn.   This  study,  re- 
quested by  the  DD  963  project  manager,  addresses  the  problem 


of  determining  the  pool  size  required  to  support  a  growing 
fleet  of  turbine  powered  destroyers. 
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II.   NATURE  OF  THE  PROBLEM 

A.   GENERAL 

DD  9  63  class  ships  will  require  a  rotable  pool  of  spare 
engines  as  part,  of  the  maintenance  plan.   Whenever  an  engine 
installed  in  an  operating  ship  fails  or  accumulates  a 
specified  number  of  operating  hours  it  will  be  removed  from 
the  ship  and  sent  to  a  rework  facility  to  be  overhauled. 
The  removed  engine  will  be  replaced  by  a  new  or  previously 
overhauled  engine  from  a  pool  of  ready  for  issue  engines. 
After  the  engine  is  overhauled  it  is  stored  in  a  ready  for 
issue  condition  until  it  is  required  to  replace  another 
engine  in  the  fleet. 

The  objective  of  this  study  is  to  determine  the  number 
of  engines,  in  addition  to  those  installed  in  the  ships, 
required  to  maintain  various  levels  of  engine  availability. 
A  secondary  objective  was  to  study  the  effect  of  the  PF 
program  on  pool  size.   The  PF  program,  as  proposed,  includes 
construction  of  50  escort  ships  beginning  in  1978,  each  of 
which  would  have  two  LM-2500  engines,  significantly  in- 
creasing engine  population. 

Figure  1  shows  the  flow  of  engines  during  the  life  cycle 
of  the  DD  963  and  PF  class  ships.   This  is  the  system  which 
was  simulated  to  meet  the  objective  of  the  study.   It  is 
basically  a  closed  loop  system  with  two  external  inputs. 
The  construction  schedules  for  DD  963  and  PF  class  ships 
introduce  engines  into  the  system,  thus  starting  it  opera- 
tion.  The  purchase  plans  provide  spare  engines  at  various 
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points  in  time  to  keep  the  system  operating  smoothly.   With- 
in the  closed  loop  portion  of  the  system,  engines  leave  the 
fleet  when  they  fail,  at  scheduled  overhaul,  or  at  variable 
scheduled  overhaul  depending  on  the  operating  philosophy  in 
effect  at  the  time.   The  engines  are  then  transported  to  the 
rework  facility  for  overhaul.   When  the  engines  arrive  at 
the  rework  facility  they  are  either  inducted  into  the  facility 
for  overhaul  or  they  wait  for  induction  if  the  facility  is 
operating  at  capacity.   They  are  then  inducted  when  the  fa- 
cility can  accommodate  the  additional  engines .   After  the 
overhaul  is  completed,  the  engines  go  to  a  storage  location 
(the  rotable  pool)  until  a  requirement  is  generated  by  the 
fleet.   At  that  time,  the  engine  is  transported  to  the  ship 
requiring  a  replacement  engine,  thus  completing  the  closed 
loop  system. 

This  system  is  similiar  to  a  single  echelon,  repairable 
item  inventory  system.   However,  this  system  differs  from  the 
normal  inventory  models  in  that  both  supply  and  demand  are 
stochastic  with  supply  dependent  upon  previous  demand.   In 
standard  inventory  models,  the  objective  is  to  develop 
optimal  decision  rules  to  determine  "when"  and  "how  many" 
items  to  procure  during  the  operation  of  the  system.   Due 
to  the  long  budgeting  and  procurement  lead  times ,  the  ob- 
jective of  this  study  is  to  develop  information  from  which 
the  decisions  of  "when"  and  "how  many"  can  be  made  prior 
to  the  start  of  the  system  operation  vice  decision  rules 
for  use  during  system  operation. 
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B.   ASSUMPTIONS 

Several  simplifying  assumptions  were  made  in  order  to 
reduce  the  system  to  its  essential  elements.   It  was  felt 
that  the  assumptions  made  would  not  appreciably  affect  the 
accuracy  of  the  model. 

The  first  assumption  made  was  that  all  engines  in  the 
fleet  would  accumulate  operating  hours  independently.   It 
was  felt  that  the  largest  part  of  any  dependence  which 
existed  in  the  system  would  be  among  engines  on  individual 
ships.   This  dependence  would  possibly  be  different  for  the 
various  ships  depending  on  their  Commanding  Officers  *  engine 
operating  policies .   Computer  programming  problems  as  well 
as  a  lack  of  knowledge  about  the  nature  of  these  relation- 
ships made  their  inclusion  infeasible.   This  assumption 
should  not  significantly  affect  the  results  of  the  simula- 
tion since  sets  of  four  engines  are  relatively  small  com- 
ponents of  a  120  engine  population. 

Another  assumption  made  was  that  reworked  engines  are  as 
good  as  new.   This  implies  that  all  engines  entering  the 
fleet  will  be  fully  reworked  and  considered  zero- time 
engines.   This  eliminates  the  possibility  of  some  engines 
being  selectively  repaired  and  returned  to  the  fleet  with 
a  shorter  time  to  overhaul. 

It  was  assumed  that  ships  will  always  have  engines  if 
available.   This  assumption  eliminates  the  possibility  of 
a  ship's  engines  being  removed  at  the  start  of  a  yard 
period,  being  reworked,  then  returned  to  the  same  ship.   If 
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an  engine  must  be  replaced,  one  is  sent  from  the  pool  im- 
mediately; if  an  engine  is  not  available,  the  fleet  is  con- 
sidered to  be  short  one  engine  until  one  becomes  available. 

The  entire  engine  assembly  was  considered  as  a  single 
entity  by  assuming  that  the  gas  generator  and  power  turbine 
had  the  same  overhaul  schedule.   It  was  also  assumed  that 
when  an  engine  fails,  both  major  components  must  be  removed 
and  completely  overhauled. 

Random  engine  failures  were  assumed  to  be  distributed 
uniformly  on  the  time  interval  from  installation  to  scheduled 
overhaul.   This  increasing  failure  rate  distribution  was  con- 
sidered to  be  more  convenient  than  a  truncated  exponential 
distribution.   The  exponential  distribution  was  used  only  to 
convert  failure  frequencies  in  the  Maintenance  Engineering 
Analysis  (MEA)  to  an  estimate  of  the  probability  of  an  engine 
failing  prior  to  its  scheduled  overhaul. 

Transportation  time  was  assumed  to  include  engine  re- 
moval and  replacement  time.   For  scheduled  engine  changes,  it 
was  further  assumed  that  engines  would  be  shipped  from  the 
pool  to  arrive  in  time  for  the  change.   Transportation  time 
includes  time  for  old  engine  removal  and  shipment  time  to 
the  rework  facility  then  to  the  pool.   For  random  failures, 
the  replacement  engine  was  delayed  enroute  to  the  ship  for 
a  time  equal  to  transportation  time. 

It  was  assumed  that  input  rates  were  deterministic.  The 
function  which  loads  ships  into  the  GPSS  program  was  derived 
from  planned  ship  launch  dates,  but  can  be  changed  easily. 
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The  overhaul  times  used  are  estimates  by  officals  at 
Kelly  Air  Force  Base  of  the  time  it  would  take  to  overhaul 
the  LM-2500  engine.   Air  Force  estimates  were  based  on 
actual  rework  of  a  version  of  this  engine,  thus  their  esti- 
mates were  considered  reliable.   It  was  assumed  that  these 
estimates  would  reflect  all  factors  affecting  the  rework 
time  such  as  parts  shortages,  labor  problems  and  accidents, 
etc.   It  was  further  assumed  that  there  would  be  only  one 
facility  since  it  is  not  likely  that  the  Navy  will  have 
enough  LM-2500  engines  in  the  foreseeable  future  to  justify 
more  than  one. 
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III.      THE  MODEL 

A.  REASONS  FOR  SIMULATION 

Preliminary  analysis  of  the  DD  963  inventory  problem  dis- 
closed that  system  complexities  rendered  analytical  modeling 
infeasible.   In  view  of  this  fact,  a  computer  simulation  was 
determined  to  be  the  most  promising  form  of  analysis.   Addi- 
tionally, simulation  offers  the  advantages  that  as  data  be- 
comes available,  the  model  can  be  updated  to  reflect  "real 
world"  changes.   Computer  simulation  further  offers  the 
analyst  the  ability  to  vary  key  parameters  across  their 
ranges  of  uncertainty,  deriving  in  the  process,  worst,  ex- 
pected, and  best  case  estimates. 

B.  MODEL  DESIGN 

A  combination  GPSS  and  FORTRAN  model  was  developed,  and 
designed  so  that  changes  in  system  configuration  could 
easily  be  incorporated.   Data  gathered  from  the  GPSS  model 
is  fed  onto  a  magnetic  disk  where  it  is  stored  until  used 
by  the  FORTRAN  program.   The  advantage  of  this  linkage  is 
that  it  frees  the  analyst  from  the  intermediate  step  of 
assembling  the  data  to  input  the  FORTRAN  section.   An  ac- 
companying disadvantage  is  that  this  disk  linkup  must  be 
altered  slightly  to  conform  to  the  features  of  the  computer 
system  being  used.   Depending  upon  model  configuration, 
approximately  one  minute  of  computer  time  is  needed  to 
simulate  five  years  of  system  life. 
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C.   GENERAL  DESCRIPTION 

The  simulation  was  constructed  in  modular  form  to  permit 
the  maximum  amount  of  flexibility  in  modeling  various  states 
of  the  system  as  well  as  in  changing  the  output  statistics 
desired.   There  are  two  main  and  seven  secondary  sections  in 
the  program.   They  are  listed  below  and  described  in  the 
following  sections. 

1.  GPSS  Section 

a.  The  base  case  consists  of  the  basic  simulation 
with  the  DD  9  63  input. 

b.  The  base  case  with  the  PF  load  allows  the  addi- 
tion of  PF  engines  to  the  base  case. 

c.  Management  options  allow  the  extention  of  TBO 

by  some  specified  amount  contigent  upon  rework  facility  load. 

d.  Purchase  plan  option  allows  the  testing  of 
various  purchase  strategies  to  determine  cost  and  expected 
outages . 

e.  The  split  rotable  pool  option  allows  the  testing 
of  the  effect  of  using  two  rotable  pools. 

f.  The  statistics  section  accumulates  the  data  that 
is  desired  from  the  GPSS  program. 

2.  FORTRAN  Section 

a.  SUBROUTINE  READ  reads  the  data  from  the  disk  to 
input  the  FORTRAN  program. 

b.  SUBROUTINE  CLIM  reads  data  provided  by  READ  and 
computes  confidence  limits  on  number  of  engines  required. 

c.  SUBROUTINE  COST  calculates  twenty  year  life  cycle 
costs  of  the  rotable  pool. 
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D.   OPTIONS  OF  THE  MODEL 
1.   Option  1 

The  primary  model  (option  1)  consists  of  those  com- 
ponents which  are  necessary  to  mimic  the  DD  96  3  program. 
Engines  are  delivered  (zero-timed)  into  the  fleet  with  the 
launching  of  each  ship.   The  engines  then  accumulate  time 
as  a  function  of  their  operating  schedule  which  is  a  "Model 
Variable"  (MV) .   Engines  may  fail  early  with  some  probability 
(MV) ,  or  they  continue  in  service  until  they  accrue  TBO ,  at 
which  time  they  are  replaced.   Engines  replaced  for  either 
reason  are  shipped  to  a  single  rework  facility  incurring 
some  transportation  delay  (MV)  enroute.   Upon  arrival,  they 
wait  for  an  opening;  if  the  rework  facility  is  operating  at 
less  than  capacity  (MV)  they  are  inducted  immediately.   Re- 
work capacity  is  defined  to  be  the  number  of  engines  which 
can  be  in  rework  simultaneously.   Once  in  rework,  the  engines 
are  overhauled,  their  rework  time  being  a  function  of  how 
many  LM-250  0  engines  the  facility  has  overhauled.   Upon  com- 
pletion of  overhaul,  engines  are  then  shipped  to  the  rotable 
pool  with  some  transit  time  (MV) .   Once  in  the  rotable  pool, 
engines  wait  until  they  are  demanded  by  the  fleet.   It 
should  be  noted  here  that  a  large  number  of  engines  are  pre- 
loaded into  the  pool.   In  this  way  demand  is  always  satisfied 
and  engine  requirements  may  be  measured  as  the  number  of 
engines  actually  removed  from  the  pool. 

Engines  which  are  replacements  for  those  engines 
which  have  failed  unexpectedly  travel  from  the  rotable  pool 
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to  the  fleet  with  some  delay  (MV) .   The  reworked  engines  then 
commence  the  same  cycle. 

2.  Option  1  With  Patrol  Frigate  Program 

Option  2  consists  of  the  PF  LOAD  superimposed  on 
option  1.   At  some  time  after  the  launching  of  the  DD  963 
the  patrol  frigates  engines  arrive  in  the  fleet  at  the  rate 
of  two  per  month  (MV)  until  the  fiftieth  PF  launches.   Any 
number  of  PF's  may  be  simulated,  as  well  as  any  schedule. 

3.  Management  Options 

Option  3  differs  slightly  from  Option  1,  in  that  the 
times  at  which  engines  may  be  replaced  can  now  be  controlled, 
except  for  those  engines  which  fail  prematurely.   Engines 
which  do  not  fail  prematurely  may  be  removed  early  or  late 
by  some  percentage  (MV)  of  replacement  time.   Engines  are 
extended  in-service  contingent  upon  rework  facility  load. 
If  the  load  is  less  than  some  number  of  engines  (MV)  under- 
going rework,  then  the  engine  is  inducted.   If  facility  load 
is  greater  than  that  deemed  appropriate  for  early  induction, 
the  engine  continues  in  service  until  either  the  facility 
load  drops,  or  the  engine  reaches  TBO  plus  some  percent  of 
TBO,  i.e.  TBO+10%.   At  this  time,  the  engine  is  inducted  re- 
gardless of  facility  load.   In  this  option,  there  is  also 
the  capability  of  considering  deployed  engines.   Some  percent 
(MV)  of  those  engines  not  failing  randomly  are  considered  to 
be  on  deployment.   A  deployed  engine  is  extended  the  full 
time  allowed  (MV)  to  permit  completion  of  deployment  without 
change out. 
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4.  Purchase  Plan  Options 

This  option  allows  the  testing  of  various  buying 
strategies  in  order  to  observe  cost  versus  expected  outage 
results.   The  simulation  flow  is  as  described  for  option  1, 
however,  the  rotable  pool  is  now  loaded  according  to  some 
purchase  plan,  and  it  is  possible  for  the  pool  to  become 
empty.   The  number  of  engines  bought  each  year  must  be 
specified  for  this  input.   The  simulation  proceeds  as  be- 
fore, with  the  addition  of  a  section  to  gather  statistics 
on  engine-weeks  lost  as  a  result  of  the  particular  purchase 
plan  being  tested. 

5.  Split  Rotable  Pool  Option 

This  option  is  basically  that  of  option  1  with  the 
following  proviso.   There  can  be  multiple  pools,  and  they 
may  be  drawn  upon  only  by  those  engines  in  the  fleet  they 
serve.   In  the  two  pool  case  -  two  fleets,  operating  inde- 
pendently, are  each  served  by  their  own  pool,  but  use  the 
same  rework  facility.   Additionally  engines  may  not  be 
shipped  between  pools.   The  model  was  not  extended  past 
two  rotable  pools. 

E.   MODEL  OPERATION 

The  GPSS  model  is  used  to  predict  the  20  year  life  his- 
tory of  the  engine  inventory  system.   Statistics  are  gathered 
every  8  weeks  (MV)  on  the  number  of  engines  in  the  pipe- 
line.  By  taking  repeated  observations  at  a  particular 
"time  slice",  the  model  obtains  a  distribution  of  the 
number  of  engines  needed  as  a  function  of  time  and  the 
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model  parameters  being  used.   The  mean  and  standard  devia- 
tion for  all  "time-slice"  distributions  are  printed  and  the 
resulting  confidence  intervals  displayed  graphically  by 
the  computer.   The  result  is  the  expected  "history"  of 
that  particular  model  which  can  then  be  compared  with  other 
model  versions  to  establish  trends  in  model  behavior. 

A  listing  of  the  model  parameters  along  with  their  de- 
scriptions may  be  found  in  Appendix  E. 

The  model  structure  of  GPSS  normally  accumulates 
statistics  on  key  aspects  of  the  system.   These  have  been 
suppressed  as  extraneous  to  the  problem  at  hand.   Such 
statistics  may  be  easily  gathered  to  answer  other  "system" 
questions.   Example  of  possible  model- extension  statistics 
are: 

1.  Average  pipeline  time  (system) . 

2.  Rework  facility  usage  data. 

3.  Total  transportation  time. 

Each  distribution  is  based  upon  ten  observations .   De- 
spite the  loss  of  statistical  accuracy,  ten  was  determined 
to  be  the  maximum  feasible  number  of  observations  to  make. 
System  trends  can  clearly  be  distinguished  at  this  level, 
and  the  accuracy  that  could  be  provided  by  increasing  the 
number  of  runs  does  not  warrant  the  required  computer  time. 

F.   LEVEL  OF  DETAIL 

The  model  is  not  intended  to  reflect  every  detail  of  the 
"real  world"  system.  Thus,  for  example,  no  attempt  was  made 
to  maintain  engine  identity  with  its  parent  ship  or  shaft. 
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This  would  be  a  significant  logic  problem  and  the  model 
would  become  at  least  one  order  of  magnitude  more  detailed  — 
if  the  attempt  were  made  to  account  for  the  statistical 
dependence  that  will  probably  exist  in  the  real  world.   As 
a  result,  the  assumption  is  made  that  the  engine  replace- 
ments are  independent.   It  is  felt  that  the  current  model 
can  provide  an  adequate  basis  for  analysis  of  major  system 
trends.   More  succintly: 

"It  is  essential,  therefore,  to  extract  from  the 
real  system  those  factors  and  relations  which 
have  a  significant  effect  upon  the  performance 
measure  being  examined  and  to  disregard  all  un- 
important details;  keeping  in  mind,  however, 
that  what  is  deemed  unimportant  in  one  study 
may  have  vast  implications  in  another"  [Ref .  1] . 
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IV.   PRESENTATION  AND  ANALYSIS'  OF  DATA 

A.   SELECTION  OF  THE  BASE  CASE 

Due  to  the  large  number  of  variables  in  the  problem,  it 
was  impossible  to  examine  them  in  every  possible  state  of 
nature.   As  a  result,  it  was  necessary  to  select  an  expected 
case  and  observe  the  effects  of  key  system  variables  upon 
this  "base  case". 

The  system  variables  which  follow  are  listed  along  with 
their  sources  and  are  individually  the  "most  likely  value" 
that  the  variable  of  interest  will  assume. 

1.  Fleet  Operating  Profile 

The  current  operating  profile  of  about  16  50  eng. 
hrs/yr  is  assumed  most  likely.   This  information  is  derived 
from  Fleet  Fuel  and  Steaming  reports  [Ref.  4]  covering  the 
years  19  65  to  19  70. 

2.  Time  Between  Overhauls  (TBO) 

TBO  is  assumed  to  grow  as  specified  in  Figure  2. 
This  estimate  is  furnished  by  PMS-389 . 

3.  Rework  Time 

Overhaul  time  of  the  engines  is  expected  to  follow 
the  learning  curve  in  Figure  3.   This  estimate  is  furnished 
by  officals  at  Kelly  A.F.B. 

4.  System  Transit  Tine 

It  was  assumed  that  these  engines  would  be  individ- 
ually-managed high  priority  items.   A  mean  system  transit 
time  of  three  weeks  was  assumed. 
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5.  Probability  of  a  Random  Failure 

This  percentage  was  derived  from  Litton' s  Maintenance 
Engineering  Analysis  (MEA)  [Ref.  3]  assuming  a  TBO  of  60  00 
hours.   A  figure  of  13.5%  was  obtained  (Appendix  C) .   Thus 
13.5%  of  the  operating  engines  are  expected  to  fail  prior 
to  TBO. 

6.  Rework  Capacity 

Rework  capacity  was  selected  as  four,  i.e.  four 
engines  may  be  undergoing  overhaul  simultaneously.   This  is 
roughly  the  mean  number  of  engines  requiring  rework  in  one 
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month  without  the  load  from  the  PF  program.   Four  is  not 
the  most  likely  number  for  rework  capacity,  but  rather  the 
smallest  value  that  can  meet  the  base  load  requirements. 
In  this  respect,  the  base  case  is  pessimistic. 

B.   NATURE  OF  RESULTS 

Figure  4  is  a  plot  of  base  case  spare  engine  require- 
ments at  upper  confidence  limits  of  99%,  95%,  85%  and  75% 
as  drawn  by  a  computer  operated  plotter.   All  other  figures 
show  only  99%  confidence  levels.   All  confidence  levels 
are  calculated  using  the  results  of  ten  observations  of 
system  requirements  and  assuming  that  observations  are 
distributed  normally  (Appendix  D) . 

The  number  of  spare  engines  required  throughout  the 
twenty  year  system  life  appears  to  be  cyclic  in  nature 
with  requirements,  in  most  cases,  rising  to  a  global 
maximum  near  the  three  hundredth  week  of  system  life 
(fiscal  year  1981).   After  the  global  maximum,  require- 
ments rise  and  fall  in  a  cyclic  manner.   The  magnitude 
and  time  of  the  various  extreme  points  depend  on  the 
values  of  the  input  variables . 

Figure  5  shows  the  base  case  (99%  confidence  limit) 
requirements  from  four  series  of  runs  of  the  simulation, 
each  ten-run  series  made  with  a  different  random  number 
seed.   The  coincident  nature  of  the  four  plots  indicates 
that  the  choice  of  random  number  seed  will  not  signifi- 
cantly affect  the  results  of  the  simulation. 
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The  global  maximum  near  week  300  appears  to  be  caused 
by  overlaping  engine  requirements.   The  first  ships  launched 
require  engines  for  their  second  overhaul  at  the  same  time 
the  last  ships  require  engines  for  their  first  overhaul. 
As  time  progresses  past  F.Y.  19  83  (week  400) ,  the  maximum 
and  minimum  requirements  become  less  extreme  due  to  the  ef- 
fects of  the  random  variables  in  the  system. 

C.   EFFECT  OF  CONSTANT  TBO'S 

The  first  variable  investigated  was  the  time  between 
overhauls.   Figure  6  illustrates  the  effect  on  99%  upper 
confidence  limits  of  varying  TBO  over  the  values  of  4,0  00, 
6,000,  8,000  and  10,000  hours  in  the  case  where  ships 
operate  in  a  manner  similar  to  present  day  destroyers. 
As  the  TBO  increases,  the  number  of  engines  required  de- 
creases and  the  time  at  which  the  maximum  demand  occurs 
is  later.   If  the  TBO  is  as  short  as  4,0  00  hours,  the  num- 
ber of  spare  engines  needed  is  significantly  increased. 
The  maximum  is  ten  engines  greater  than  with  a  6,000  hour 
TBO. 

The  effects  of  the  same  four  TBOs  were  investigated 
in  the  cases  of  ships  operating  2,000  and  2,500  hours  per 
year  (Figs.  7  and  8).   As  expected,  increasing  TBO  de- 
creased the  number  of  spare  engines  required.   If  the 
engines  are  operated  2,000  or  more  hours  per  year  and 
TBO  is  4,000  hours,  the  rework  facility  becomes  saturated 
and  can  not  overhaul  engines  as  fast  as  they  are  demanded. 
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This  condition  exists  even  beyond  the  time  when  engine 
requirements  should  be  expected  to  decrease. 

D.   EFFECT  OF  TBO  GROWTH 

A  TBO  growth  function  is  incorporated  in  the  base  case. 
This  function  is  considered  to  be  a  reasonable  guess  of 
how  TBO  can  be  expected  to  increase  with  system  life.   The 
base  case  growth  function  and  three  others  are  shown  in 
Figure  2.   These  functions  were  used  to  modify  the  current, 
2,000  hour  and  2,500  hour  yearly  operating  time  simulations. 
Results  are  presented  in  Figures  9,  10,  and  11.   Since  the 
base  case  results  fell  between  the  other  results  in  Figure 
9,  they  were  omitted  for  reasons  of  clarity.   In  the  case  of 
ships  operating  as  they  do  now,  the  various  TBO  growth 
functions  have  very  little  effect.   The  difference  in  global 
maxima  is  only  three  engines.   It  can  be  seen  in  Figures  10 
and  11  that,  at  an  increased  tempo  of  operations,  a  signifi- 
cant reduction  in  the  number  of  engines  required  is  achieved 
if  the  slightly  better  TBO  growth  rate  is  realized.   This 
growth  rate  (TBO  increases  starting  one  year  earlier  than 
in  base  case)  results  in  reductions  of  five  and  ten  engines 
at  2,000  and  2,500  hours  per  year  operating  rates  respectively 
There  is,  however,  an  unexpected  anomaly  in  Figure  10.   The 
global  maximum  for  the  one  year  late  growth  rate  case  is 
almost  four  engines  higher  than  expected.   This  was  due  to 
the  higher  than  usual  variance  between  observations  near 
week  300.   Another  ten  runs  were  made  with  a  different  ran- 
dom number  seed  and  results  almost  coincident  with  the 
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"on  time"  TBO  growth  function  in  Figure  10  were  observed. 
There  were  no  other  cases  in  this  study  where  this  phe- 
nomenon was  observed. 

E.  EFFECT  OF  REWORK  TIMES 

The  base  case  rework  time  is  assumed  to  be  a  step 
function  (Fig.  3)  in  which  the  mean  rework  time  is  deter- 
mined by  the  number  of  engines  which  have  passed  through 
the  overhaul  facility.   Figure  12  illustrates  the  effect 
of  varying  the  magnitude  of  this  function.   It  can  be  seen 
that  if  rework  time  is  taken  as  in  the  base  case  or  one 
week  less,  the  results  are  almost  identical.   When  the 
overhaul  time  was  one  week  more  than  in  the  base  case,  the 
maximum  number  of  spare  engines  needed  increased  by  three. 
When  it  was  two  weeks  more,  the  spare  engine  maximum  re- 
quirements increased  by  fifteen.   This  result  was  obtained 
utilizing  a  facility  with  a  capacity  of  four  engines.   It 
is  felt  that  a  larger  rework  facility  would  significantly 
reduce  the  effect  of  these  longer  rework  times. 

F.  EFFECT   OF    RANDOM   FAILURES 

The  simulation  was  run  with  the  probability  of  random 
failure  changed  to  .085,  .185,  and  .235  from  the  base  case 
value  of  .135.   There  was  little  difference  in  results, 
therefore  only  the  two  extreme  cases  were  plotted  in 
Figure  13.   It  can  be  seen  that  the  model  is  relatively 
insensitive  to  changes  of  the  probability  of  random  failure 
in  the  range  .0  85  to  .235.   The  maximum  number  of  spare 
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engines  required  actually  decreases  as  more  random  failures 
are  encountered.   This  is  because  the  global  maximum  occurs 
when  a  large  number  of  ships  arrive  for  scheduled  engine 
overhaul  in  a  short  period  of  time.   Increasing  random  fail- 
ures causes  engines  to  fail  prior  to  this  time,  thus  fewer 
scheduled  changes  are  required  at  the  time  of  peak  demand. 

G.   EFFECT  OF  SYSTEM  TRANSPORTATION  TIME 

The  base  case  with  mean  transportation  time  of  three 
weeks  was  compared  to  runs  made  with  times  of  two,  four 
and  five  weeks.   As  expected,  increasing  transportation 
time  increases  the  number  of  spare  engines  required. 
Since  the  increases  were  small,  only  the  extreme  values 
were  plotted  in  Figure  14.   The  difference  in  global 
maxima  for  the  two  week  and  five  week  transportation  time 
cases  was  three  engines. 

H.   EFFECT  OF  PF  PROGRAM  AND  REWORK  FACILITY  CAPACITIES 

The  effect  of  including  the  PF  program  in  the  simulation 
is  to  cause  a  global  maximum  of  thirty  one  engines  to  occur 
at  the  six  hundredth  week  of  system  life  (F.Y.  1987) .   This 
maximum  is  large  because  the  rework  facility  becomes  satu- 
rated and  cannot  overhaul  enough  engines  to  satisfy  the 
additional  demand  imposed  by  the  PF  engines.   Figure  15 
shows  that  this  effect  may  be  largely  eliminated  by  in- 
creasing the  capacity  of  the  facility  to  seven  engines. 
This  increase  reduces  the  maximum  number  of  engines  re- 
quired by  sixteen.   A  facility  with  a  capacity  of  ten 
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engines  offers  no  substantial  additional  savings  of  spare 
engines.   The  reason  for  this  can  be  seen  in  Figure  16 
which  shows  that  mean  rework  facility  load  (9  9%  U.C.L.) 
never  went  above  seven  engines  with  a  facility  capacity  of 
ten. 

I.   EFFECT  OF  MANAGEMENT  OPTION 

Figures  17  and  18  show  the  effect  of  allowing  engines 
to  operate  up  to  10%  beyond  scheduled  overhaul  time  if  the 
rework  facility  load  is  four  engines.   It  can  be  seen 
(Fig.  17)  that  if  the  facility  capacity  is  seven  engines, 
this  policy  offers  little  advantage.   A  significant  saving 
of  eight  spare  engines  is  realized  (Fig.  18)  if  a  small 
four  engine  capacity  facility  is  used. 

J.   BASE  CASE  ENGINE  REQUIREMENTS 

Table  1  shows  the  fiscal  years  in  which  additional 
engines  were  required  for  the  DD  96  3  program  and  their 
relative  costs  as  a  function  of  time  between  overhauls  and 
the  operating  tempo  of  the  ships.   These  are  results  when 
the  simulation  is  run  with  a  sufficient  number  of  engines 
in  the  pool  to  preclude  not  having  one  available  when  de- 
manded.  The  figures  in  Tables  I  and  II ,  are  the  annual 
incremental  increases  of  the  number  of  engines  needed  from 
the  pool  to  meet  demand.   These  figures  are  95%  upper  con- 
fidence limit  of  the  mean.   Rework  time,  percent  early 
failure,  transportation  time,  and  rework  facility  capacity 
of  the  base  case  were  utilized  in  all  runs  tabulated  in 
Tables  I  and  II. 
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Review  of  this  data  reveals  that  the  engine  requirements 
are  relatively  insensitive  to  time  between  overhauls  when 
the  TBO  is  8,0  00  hours  or  more.   The  very  large  number  of 
engines  required  for  a  TBO  of  4,000  hours  and  operating 
levels  of  2,0  00  and  2,500  hours  per  engine  per  year  can 
attribute  to  the  limited  rework  capacity  as  previously 
noted. 

K.   EFFECTS  OF  VARIOUS  PURCHASE  PLANS 

After  the  general  operating  characteristics  of  the  sys- 
tem were  learned,  several  sample  purchase  plans  were  tested 
to  determine  expected  engine  weeks  lost  and  the  associated 
cost.   In  each  purchase  plan  tested,  it  was  assumed  that 
the  engines  were  paid  for  and  delivered  at  the  start  of  the 
fiscal  year  indicated.   The  purchase  plans  tested  along 
with  their  results  are  shown  in  Table  III.   Engine  weeks 
lost  is  a  time  weighted  backorder  measure  of  system  ef- 
fectiveness.  It  was  assumed  that  a  shortage  of  one  engine 
for  two  weeks  was  equivalent  to  the  shortage  of  two  engines 
for  one  week  in  degredation  of  system  effectiveness.   All 
purchase  plans  were  tested  with  the  parameters  of  the  base 
case. 

As  expected,  purchase  plans  for  more  engines  and  earlier 
purchase  dates  resulted  in  lower  numbers  of  engine  weeks 
lost  and  correspondingly  higher  costs.   Figure  19  is  a  plot 
of  engine  weeks  lost  versus  total  discounted  costs.   The 
numbers  on  Figure  19  refer  to  purchase  plan  numbers  in 
Table  III.   The  curve  plotted  on  Figure  19  is  an  efficiency 
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frontier  for  the  system,  i.e.  each  point  on  the  curve  repre- 
sents the  least  cost  purchase  plan  strategy  for  a  given  num- 
ber of  engine  weeks  lost.   Figure  19  also  illustrates  which 
plans  are  dominated  (more  expected  engine  weeks  lost  for 
more  do  Hare )  ;  for  example,  plan  16  is  dominated  by  plan  15. 

The  slope  of  the  two  straight  lines  indicate  the  trade- 
off rate  between  engine  weeks  lost  and  dollars.   A  projected 
cost  of  $25,0  00  per  day  or  $175,0  00  per  ship  week  was  used 
in  the  determination  of  the  slope  of  these  lines.   The  10% 
line  assumes  the  lack  of  one  engine  decreases  a  ship's 
capability  to  complete  its  mission  by  10%  and  the  100%  line 
assumes  the  lack  of  one  engine  causes  the  ship  to  lose  all 
capability  to  complete  its  mission.   Thus,  in  this  case, 
the  decision  lies  between  the  two  points  of  tangency, 
roughly  12  to  15  engines  in  the  rotable  pool.   The  optimal 
purchase  plan  depends  on  the  cost  of  having  a  ship  without 
an  engine  for  one  week.   Thus  the  optimal  number  of  engines 
in  the  pool  is  that  number  of  engines  for  which  the  cost  of 
an  additional  engine  is  greater  than  the  savings  that  result 
from  reducing  the  engine  weeks  lost. 

Also  significant,  is  the  fact  that  plans  21  through  27 
resulted  in  increased  costs  but  no  decrease  in  the  expected 
number  of  engine  weeks  lost.   This  implied  that  there  were  a 
sufficient  number  of  engines  in  the  pool  to  have  one  avial- 
able  whenever  a  demand  was  generated  and  that  the  only  time 
the  fleet  was  short  an  engine  was  during  the  time  required 
to  transport  and  install  an  engine  which  was  a  replacement 
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for  an  early  failure.   Engines  for  scheduled  changes  are 
assembled  to  be  shipped  sufficiently  in  advance  to  be  avail- 
able when  the  old  engine  is  removed  from  the  ship.   Also 
implied  is  that  there  is  no  increase  in  pool  size  which 
would  eliminate  transportation  and  installation  time  loses 
for  early  failure  engines. 

Five  purchase  plans  were  tested  to  determine  if  in- 
creasing rework  capacity  in  lieu  of  buying  more  engines 
would  reduce  the  engine  weeks  lost.   The  result  of  the 
increased  rework  capacity  is  shown  in  Table  IV.   The  results 
of  four  of  the  plans  are  plotted  in  Figure  20  with  base  case 
rework  facility  capacity  indicated.   Plans  21  and  22  resulted 
in  no  significant  differences  in  engine  weeks  lost  at  any 
rework  facility  capacity.   The  faility  capacity  affected  the 
engine  weeks  lost  when  a  purchase  plan  with  a  lower  number 
of  engines  was  tested.   This  illustrates  the  existence  of  a 
cost  tradeoff  between  rotable  pool  size  and  rework  facility 
size.   It  was  possible  to  obtain  the  same  minimum  number  of 
engine  weeks  lost  with  plan  21  for  15  engines  and  a  rework 
capacity  of  four,  and  plan  19  for  14  engines  and  a  rework 
capacity  of  eight.   The  decision  here  would  depend  on  the 
cost  of  adding  an  additional  engine  to  the  rotable  pool  and 
the  cost  of  increasing  rework  facility  capacity. 
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V.   CONCLUSIONS 

1.  Rotable  pool  requirements  are  most  heavily  dependent 
upon  rework  facility  capacity,  i.e.  that  number  of  engines 
which  can  be  in  rework  simultaneously.   Any  condition  which 
will  produce  an  engine  removal  rate  from  the  fleet  of  about 
40  engines  per  year  is  sufficient  to  saturate  the  facility 
(facility  capacity=four) . 

In  particular,  the  PF  program  requires  33  engines  in 
the  pool  if  capacity  is  four.   This  requirement  decreases  to 
16  if  the  capacity  is  greater  than  seven  engines .   Little  fur- 
ther improvement  is  observed  for  capacities  larger  than  seven, 

2.  The  effect  of  increasing  operating  schedule  is  com- 
parable to  that  of  decreasing  TBO.   Again,  the  engine  re- 
moval rate  will  determine  if  facility  capacity  is  sufficient. 
Any  operation  schedule/TBO  combination  yielding  a  removal 
rate  of  40  engines  a  year  will  drive  pool  engine  require- 
ments above  20,  other  parameters  held  at  base  case  levels. 

3.  TBO  growth  rates  (Fig.  2)  have  little  effect  on 
rotable  pool  size  with  current  operations.   The  best  to 
worst  case  differential  is  three  engines.   Increasing  the 
operating  tempo  to  20  00  engine  hours  per  year  will  result 
in  an  engine  requirement  differential  of  eight  engines.   If 
operating  hour  requirements  increase  to  2500  hours  per  year, 
then  the  best  to  worst  case  difference  in  TBO  growth  will 
yield  a  difference  in  engine  requirements  of  15. 

4.  Increasing  mean  rework  time  by  two  weeks  across  the 
entire  learning  curve  will  result  in  additional  requirements 
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of  16  engines,  whereas  an  average  one  week  increase  results 
in  only  four  additional  engines  being  required  over  the 
base  case.   Base  case  requirement  are  for  12  engines.   A 
decrease  of  one  week  across  the  learning  curve  does  not 
affect  system  requirements.   This  is  due  to  the  fact  that 
the  rework  time  is  bounded  below  at  25  days  and  during  the 
portion  of  time  when  the  rework  time  decrease  is  effective, 
system  load  is  light. 

5.  The  percentage  of  operating  engines  failing  randomly 
is  not  critical  to  the  system  in  the  range  8.5%  to  23.5%. 

6.  System  transit  time  is  significant  to  the  extent 
that  one  additional  week  in  transit  will  require  a  rotable 
pool  increase  of  about  one  engine. 

7.  Extensions  of  TBO  by  ten  percent  contingent  on  re- 
work facility  load  levels  have  significant  potential  if  the 
rework  capacity  is  small  (four  engines) .   Extensions  have 
little  effect  at  the  higher  facility  capacity  levels. 

8.  For  the  base  case  assumptions  with  rework  capacity 
variable,  system  effectiveness  is  optimized  for  a  rework 
capacity  of  7-8  engines  and  the  purchase  of  14-16  engines 
early  in  system  life  as  rotable  pool  spares,  depending 
somewhat  on  the  cost  of  the  rework  facility. 
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VI.   KECOMyLENDATIONS 

1.  Acquire  and  analyze  available  cost/time  data  for 
probable  transportation  systems.  Optimum  system  transit 
time  can  then  be  computed. 

2.  Acquire  and  analyze  ship  operating  profiles  to  de- 
termine which  overseas  stock  points  are  prime  candidates 
for  possible  stockage  for  random  failures.   Once  prime 
stockage  locations  have  been  identified,  transportation 
cost/time  data  can  be  used  to  determine  if  overseas  stocking 
should  be  used.   Since  most  engine  failures  can  be  expected 
to  occur  while  the  ship  is  at  sea,  consideration  should  be 
given  to  the  possibility  that  a  spare  engine  can  be  trans- 
ported to  the  installation  point  prior  to  the  arrival  of  the 
ship.   If  this  were  done,  prepositioning  would  not  further 
reduce  lost  engine  time. 

3.  Determine  the  effect  of  sets  of  engines  arriving 
for  rework  simultaneously. 

4.  Determine  cost  of  rework  facility  at  various  capac- 
ities to  evaluate  possible  pool  size/rework  facility 
capacity  tradeoffs . 
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APPENDIX  A 
DISTRIBUTION  OF  TIME  BETWEEN  SCHEDULED  OVERHAULS 

Data  on  destroyer  operations  was  obtained  from  the  Navy 
Maintenance  and  Material  Information  System,  Steaming, 
Operating,  and  Fuel  Listing  dated  20  August  19  71  [Ref .  4] , 
which  lists  the  number  of  hours  each  destroyer  type  ship 
was  underway  each  month  from  July  19  65  through  April  19  71. 
It  was  assumed  that  the  DD  963  class  destroyers  operating 
schedules  will  be  similiar  to  the  current  schedules  of  a 
destroyer  (DD) ,  a  guided  missile  destroyer  (DDG) ,  or  a 
guided  missile  frigate  (DLG) .   The  monthly  hours  at  sea 
were  totaled  for  each  ship  until  totals  of  6,0  00,  9,0  00 
and  12,000  hours  at  sea  were  accumulated  to  determine  the 
number  of  calendar  months  it  took  to  accumulate  the 
specified  number  of  hours.   Linear  interpolation  was  used 
to  determine  what  poriton  of  the  final  month  was  required 
to  reach  the  desired  total  number  of  hours. 

From  these  totals  by  ship,  three  histograms  (Figs. 
A-l,  A-2  and  A-3)  were  drawn  to  determine  the  distribution 
of  calendar  months  to  reach  a  specified  number  of  hours 
at  sea. 

Three  least  squares  regressions  were  performed  on  the 
mean,  maximum,  and  minimum  times  to  accumulate  6,  9,  and 
12  thousand  hours  at  sea  to  predict  the  calendar  months 
required  for  a  specified  number  of  hours  at  sea.   Figure 
A-4  shows  the  actual  data  points  and  the  three  linear 
regression  lines.   From  Figure  A-4  it  was  assumed  that  the 
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FIGURE  A-4 
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maximum,  minimum,  and  mean  calendar  months  are  linear  func- 
tions of  the  number  of  hours  at  sea.   It  was  also  assumed 
that  the  distribution  of  months  to  12,000  hours  at  sea  was 
representative  of  the  distribution  of  time  at  sea  for  a 
destroyer  type  ship.   Time  at  sea  was  converted  to  time  per 
engine  using  the  assumption,  supplied  by  PMS-389,  that  96% 
of  all  operations  will  be  using  two  engines  and  4%  of  the 
time  four  engines  will  be  operated. 

Utilizing  the  linearity  and  distribution  assumptions 
noted  above,  a  computer  program  was  written  which  predicted 
the  maximum  and  minimum  months  between  engine  overhauls  and 
distributed  all  overhauls  between  these  figures  in  a 
smoothed  version  of  the  12,0  00  hours  at  sea  histogram.   The 
output  of  this  program  produced  distribution  function  inputs 
for  use  in  the  GPSS  simulation  program. 

A  further  assumption  was  that  if  DD  operations  tempo 
was  varied,  the  distribution  of  months  to  accumulate  a 
specified  number  of  hours  varied  linearily.   Thus  the  same 
computer  routine  was  able  to  generate  distribution  function 
inputs  for  the  simulation  of  various  levels  of  destroyer 
operation  and  TBO's. 
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APPENDIX  B 
COSTING  INFORMATION 

A  computer  subroutine  was  written  to  estimate  the  cost 
of  various  purchase  plans.   The  cost  figures  developed  in 
this  study  cannot  be  considered  solid  figures  for  budgeting 
purposes,  but  only  relative  costs  of  various  purchase  plans 
to  assist  in  evaluating  various  purchase  strategies.   The 
only  costs  considered  in  this  study  are  holding  and  purchase 
costs.   A  cost  estimate  of  $800,000  for  the  initial  spare 
engine  delivery  was  received  from  PMS-389.   To  this  figure 
a  cost  escalation  of  5%  per  year  was  assumed  to  determine 
the  cost  of  an  engine  in  succeeding  time  frames . 

The  standard  inventory  theory  premise  that  holding  cost 
is  a  percentage  of  the  purchase  cost  was  utilized  in  this 
study.   This  holding  cost  is  considered  to  contain  three 
components.   The  first  component  is  the  actual  cost  of 
storing  the  engines  when  they  are  waiting  demand  from  the 
fleet,  including  such  factors  as  administrative  costs, 
possible  deterioration  of  the  engines  from  nonuse,  packing 
and  preservation  costs,  cost  of  the  storage  facility,  etc. 
The  second  component  of  holding  cost  is  the  cost  associated 
with  investing  funds  in  engines  vice  other  uses.   Funds  in- 
vested in  unused  engines  are  not  available  to  meet  any 
other  needs  of  the  Navy.   The  third  component  is  obsolescence 
cost.   This  is  the  cost  of  making  alterations  to  engines 
after  purchase  due  to  technological  improvements.   It  is 
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assumed  a  new  engine  would  be  built  with  all  improvements 
developed  up  to  its  construction  time  incorporated  into  it, 
thus  the  alterations  would  be  required  only  for  previously 
built  engines.   A  holding  cost  equal  to  12%  of  the  total 
purchase  price  per  year,  as  set  by  PMS-389,  was  used  for 
all  cost  estimates  in  this  study. 

Annual  costs  are  computed  for  each  year  through  fiscal 
year  19  94,  i.e.  twenty  years  from  the  scheduled  delivery  of 
the  first  ship.   After  computation  of  the  yearly  costs, 
system  inventory  costs  are  computed.   Total  system  inventory 
costs  are  discounted  to  19  72  dollars  using  a  discount  rate 
of  7.75%  per  year  to  enable  better  comparisons  of  various 
purchase  plans. 

The  cost  subroutine  can  be  utilized  in  two  modes.   In 
the  first  application,  it  is  used  as  a  subroutine  to  the 
system  simulation.   In  this  mode,  the  subroutine  receives 
as  inputs  the  number  of  engines  required  to  achieve  a 
specified  confidence  of  having  an  engine  when  one  is  re- 
quired by  the  fleet.   This  is  utilized  whenever  the  simu- 
lation is  run  with  an  unconstrained  number  of  engines. 
Whenever  the  simulation  demonstrates  a  need  for  more  engines, 
than  previously  required,  the  purchase  cost  of  the  additional 
engines  is  computed  based  on  the  year  in  which  it  is  re- 
quired.  All  engines  purchased  are  maintained  in  the  rotable 
pool  for  the  remainder  of  the  system  life,  even  if  the 
simulation  shows  that  fewer  engines  would  be  required  at 
a  later  period  of  time. 
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In  the  second  mode,  the  subroutine  costs  predetermined 
purchase  plans  over  the  life  cycle  of  the  ship  system  in- 
dependent of  the  actual  system  requirements.  The  costing 
of  predetermined  purchase  plans  allows  comparison  of  cost 
to  engine  weeks  lost  when  the  simulation  is  run  in  a  con- 
strained pool  size  mode. 

The  costing  subroutine  uses  initial  engine  cost,  holding 
cost  rate,  and  discount  rate  as  variable  input  parameters.. 
This  feature  allows  future  testing  to  determine  the  change 
in  relative  costs  as  these  values  are  varied. 
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APPENDIX  C 
[RELIABILITY  CONSIDERATIONS 

Since  the  DD  96  3  class  destroyers  have  not  yet  been 
built,  good  data  on  engine  reliability  is  not  available. 
An  estimate  of  the  order  of  magnitude  of  the  engine  reli- 
ability was  obtained  from  the  Maintenance  Engineering 
Analysis  [Ref.  3]  prepared  by  Litton  Industries,  which 
contains  estimates  of  failure  frequencies  for  various 
engine  components . 

Table  C-I  lists  the  components  which,  if  they  fail, 
will  require  an  engine  to  be  changed.   The  failure 
frequency  for  each  component  is  the  number  of  failures 
expected  in  one  year  of  operation  based  on  2,500  engine 
hours/year.   In  the  M.E.A.,  all  engine  components  were 
assumed  to  have  an  exponential  failure  distributions, 
thus  the  failure  frequencies  for  critical  components 
(Table  C-I)  could  be  added.   The  sum  of  these  frequencies 
can  then  be  converted  to  an  engine  removal  rate  (removals/ 
hour)  as  follows: 

Failure  Frequency 


Removal  Rate  (RR)  = 


2500 


The  probability  of  an  engine  having  to  be  removed  in 
some  time  interval  (T)  is: 

Pr(R)  =  l-exp(-RR  x  T) 
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COMPONENT  FAILURE  FREQUENCY 

(Failures/Year) 

A.  Gas  Generator 

1.  Compressor  front  frame  0.0012 

2.  Compressor  rotor  0.0018 

3.  Compressor  stator  assembly  0.00457 

4.  Compressor  rear  frame  0.0012 

5.  Main  bearings  0.0210 

6.  Combustor  0.0040 

7.  High  pressure  turb .  rotor  0.0122 

8.  High  pressure  turb.  stator  0.0024 

9.  Turbine  mid- frame  0.00469 

B.  LP  (Power)  Turbine 

1.  LP    (power)    turbine  0.0024 
rotor  assembly 

2.  LP    (power)    turbine  0.0037 
stator   assembly 

3.  LP    (power)    turbine  0.0012 
rear   frame 

FAILURE  FREQUENCIES  FOR  CRITICAL  COMPONENTS 

TABLE  C-I 


It  was   desired   to  know   the  probablity  of   an   engine  having 
to  be   removed  prior   to    its   scheduled  overhaul   time,    therefore 
(T)    in   the   above  equation  was    taken   as   TBO.      These  prob- 
abilities   are    tabulated  in  Table  C-II    for  various   TBO's. 

EARLY    FAILURE  PROBABILITIES 

TBO  Pr(R) 

4,000  .092 

6,000  .135 

8,000  .176 

10,000  .215 

12,000  .252 
TABLE  C-II 
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Instead  of  assuming  that  the  given  failure  frequencies 
were  true  and  then  using  the  Pr(R)  corresponding  to  each 
TBO,  the  value  for  6,0  00  hr  (.135)  was  used  in  the  base 
case  and  the  simulation  was  tested  for  sensitivity  to 
changes  in  this  value.   This  implies  that  as  TBO  increases, 
failure  frequency  decreases  in  the  simulation. 
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APPENDIX  D 
NORMALITY  OF  RUNS 

The  simulation  was  run  ten  times  for  each  choice  of 
variables  and  the  number  of  spare  engines  required  at  each 
point  in  time  was  tabulated  after  each  run.   The  GPSS  pro- 
gram calculated  the  mean  and  standard  deviation  of  number 
of  engines  at  each  point  in  time.   In  order  to  determine 
confidence  limits  on  these  results,  it  was  necessary  to 
assume  some  distribution.   Since  the  data  appeared  to  be 
normal,  a  Kolmogorov-Smirnov  test  against  the  Normal 
Distribution  was  made  for  several  large  samples.   The 
null  hypothesis  that  the  number  of  engines  required  at 
various  points  in  time  is  normally  distributed  could  not 
be  rejected  for  a  significance  level  of  0.0  5  in  any  case. 
For  samples  taken  beyond  10  0  weeks  of  system  life,  the 
null  hypothesis  could  not  be  rejected  for  significance 
levels  as  high  as  0.6. 
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APPENDIX  E 
DETAILED  MODEL  DESCRIPTION 

A.   CONTROL  INFORMATION 

The  primary  variables  which  may  be  altered  in  order  to 
establish  the  nature  of  the  simulation  model  are: 
NRUNS 


NTIME 

INCRE 

START 

RAND 

TRANS 

NPOOL 
OPER 

LEARN 
LOT 

PFLAG 

LOADj 

TIMEj 
DPLOY 

PCNTM 


Number  of  observations/interval.   Number 
of  START /CLEAR  cards . 

Number  of  time  intervals  of  interest. 

Interval  between  time-slices. 

Delay  in  starting  statistical  accumulation, 

Percentage  of  random  failures. 

Transportation  delay,  includes  shipping 
ship  to  ship. 

Number  of  engines  loaded  initially. 

Holds  function  number  which  sets  TBO 
growth  or  replacement  time  dist.  to  be 
considered. 

Function  which  established  rework  facility 
lea  rn  i  ng  curve . 

Number  below  which  the  number  of  engines 
undergoing  rework  must  fall  to  allow  an 
engine  to  be  induced  early.   OPTION  3 

Delay  of  the  PF  program  over  launching  of 
DD  96  3.   OPTION  2 

Number  of  engines  to  be  loaded  in  the  jth 
load.   OPTION  4 

Time  delay  prior  to  loadj .   OPTION  4 

Percentage  of  ships  on  deployment  whose 
engines  must  be  extended.   OPTION  3 

l/PCNTM=Percentage  of  TBO  which  an  engine 
may  be  extended.   OPTION  3 


FAC  STORAGE  JJ    Capacity  of  rework  facility  is  JJ. 
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JJ  FUNCTION      Function  JJ  contains  replacement  time  for 

TBO  and  operating  schedule.   (Held  in 
SAVE VALUE  OPER) 

SHIPS  Function  which  determines  delivery  schedule 

schedule  of  DD's. 

DIFF  Variable  which  measures  number  of  engines 

in  pipeline. 

RMULT  Contains  the  seed  of  the  random  number 

generators  used. 

J  FUNCTION       Contains  the  TBO  growth  rate  to  be  used. 

The  basic  time  step  for  this  model  is  one  week.   This  implies 

that  all  operations  transpire  in  units  of  integer  weeks. 

If  finer  detail  is  needed  the  basic  time  step  may  be  altered 

by  changing  seven-ten  cards  in  the  main  deck. 

B.  ACCUMULATION  OF  STATISTICS 

Statistics  are  accumulated  for  NTIME(120)  periods  each 
run  for  NRUNS(IO)  runs.   Interval  between  "looks"  is  INCRE(8) 
weeks.   General  logic  flow  is  contained  in  the  flow  charts. 

C.  INDIVIDUAL  BLOCK  DESCRIPTIONS 

Detailed  explanations  of  the  individual  GPSS  instructions 
are  contained  in  the  GPSS  User's  Manual  [Ref.  2], 

D.  SUPPORTING  FORTRAN  SUBROUTINES 

General  logic  flow  for  the  fortran  subroutines  is  con- 
tained in  Appendix  G. 


74 


APPENDIX  F 
ACCURACY  OF  THE  MODEL 

During  preliminary  runs,  much  use  was  made  of  the  TRACE 
and  PRINT  block  options  of  GPSS.   These  blocks  enable  the 
analyst  to  chart  carefully  the  transaction's  progress  through 
the  model,  as  well  as  observing  the  values  of  key  savevalues 
and  parameters.   Extensive  use  was  made  of  the  current  events 
chain  to  verify  proper  information  storage.   Examination  of 
the  information  thus  proviced  indicated  that  the  model  was 
performing  as  intended. 

In  an  effort  to  establish  the  basic  correctness  of  the 
model,  a  completely  deterministic  system  was  simulated  by 
hand.   The  results  of  this  nonstochastic  hand  simulation 
were  compared  to  the  model  results  with  all  stochastic  ele- 
ments removed.   The  results  compared  very  favorably. 
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APPENDIX  G 
MODEL  FLOW  CHART 
OPTION  I 
BASE  CASE 


IE/ 


initialize 

vvariables/_ 


^CREATE  SHIPS 
ACCORDING  TO 
SCHEDULE 


CREATE  FOUR 
ENGINES/SHIP 


ENTER 
FLEET 


DETERMINE  TIME 
FOR  FAILURE  OR 
REPLACEMENT 


TRANSPORTATION 
DELAY 


ieplacemen; 
random         age  replacement 


\ 


1/ 


OPERATE  FOR 
DETERMINED  TIME 


I 


LEAVE  FLEET 


DEMAND  ENGINE  FROM 
ROTABLE  POOL 


T 


YES 


TRANSPORTATION 
DELAY 


ENTER  FACILITY 


IF  AVAILABLE 
F  NOT  WAIT 


WAIT  FOR  OVERHAUL 
TIME 


LEAVE  FACILITY 


TRANSPORTATION 
DELAY 


WAIT  IN  ROTABLE 
POOL  UNIT 
DEMANDED 


~^Z 


IS  DEMAND  FROM 
A  RANDOM  FAILURE  ? 


NO 


.INITIALIZE 
^VARIABLES, 


•" 

CREATE 

CREATE  SHIPS 

PF'S 

ACCORDING  TO 

SCHEDULE 

SCHEDULE 

<    FIRST     > 

\SHIP^YES 

^ 

f 

^f\iO 

CREATE 

TWO 

CREATE  FOUR 

ENG/SHIP 

ENGINES/SHIP 

EN 


ER 


FLEET 


DETERMINE  TIME 
FOR  FAILURE  OR 
REPLACEMENT 


^REPLACEMENT 

7^% 


OPTION  H 

BASE  CASE  WITH  PF'S 


TRANSPORTATION 
DELAY 


RANDOM.  AGE  REPLACEMENT 

X    — y- — 


OPERATE  FOR 
DETERMINED  TIME 


LEAVE  FLEET 


DEMAND  ENGINE  FROM 
ROTABLE  POOL 


YES  4- 


TRANSPORTATION 
DELAY 


ENTER  FACILITY 


IF  AVAILABLE 
IF  NOT  WAIT 


WAIT  FOR  OVERHAUL 
TIME 


LEAVE  FACILITY 


TRANSPORTATION 
DELAY 


WAIT  IN  ROTABLE 
POOL  UNIT 
DEMANDED 


-IS  DEMAND  FROM 
A  RANDOM  FAILURE? 


NO 
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OPTION  IE 
MANAGEMENT 
OPTIONS 
SAME  AS  OPTION  I 


YES 


OPERATE  TILL 
FAILURE 


YES 


EXTEND 
TBO 


ENTER  FLEET 


DETERMINE    TIME 

FOR  FAILURE  OR 

REPLACEMENT 


NO 


OPERATE  FOR 
SOME  PERCENT 
OF  TBO 


SHIP  DEPLOYED? 


»        LEAVE  FLEET 


RANDOM  FAILURE 


DEMAND  ENGINE 
(REJOIN  OPTION  I) 


NO 


LOOP  FOR  PERCENT 
OF  TBO 


FACILITY  LOAD. 
^  LIGHT  1' 


YES 


NO 
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OPTION  n 
TESTING  OF  PURCHASE  PLANS 


OPTION  I 


WAIT  IN  POOL 
TILL  ENGINE 
DEMANDED 


.Initialize 

WARIABLESy 


LOAD  ACCORDING 
TO  SCHEDULE 


STATISTICS  SECTION  FOR  OPTION  II 


COUNT 
SHORTAGES 

YES 

a  ' 

■s-J 

TABULATE 

ENGINE  WEEKS 

OUT 

<% 

OPTION  I 
SPLIT  ROTABLE  POOL 


INITIALIZE 
^VARIABLES/ 


("CREATE  SHIPS 
ACCORDING  TO 
.SCHEDULE  _J 


YF,A  LOAD/ 

V 


..CREATE  FOUR. 
ENGINES/SHIP 


ASSIGN  SHIPS 
TO  FLEET*  1  OR 


#2 


ENTER 
FLEET 


#1 


#2 


DETERMINE  TIME 

FOR  FAILURE  OR 

REPLACEMENT 


TRANSPORTATION 
DELAY 


RANDOM 

S. 


REPLACEMENT 


AGE  REPLACEMENT 

"7 


YES  + 


OPERATE  FOR 
DETERMINED  TIME 


LEAVE     tti    *o 
FLEET     &1    *2 


DEMAND  ENGINE  FROM 
ROTABLE  POOL 


#1  fr2 


TRANSPORTATION 
DELAY 


1 


ENTER  FACILITY 


WAIT  FOR  OVERHAUL 
TIME 


I 


LEAVE  FACILITY 

TRANSPORTATION 
DELAY 

i ' 

WAIT  IN  ROTABLE 
POOL  UNTIL          #1 
DEMANDED 

#2 

IS  DEMAND  FROM 
A  RANDOM  FAILURE  ? 


NO 


GPSS  STATISTICS  SECTION  (GENERAL) 


1 


C  START  RUN  J*- 


WAIT  FOR  START  TIME 


WAIT  FOR  INCRE  TIME  ♦ 


SAVE  NUMBER  OF 
ENGINES  NEEDED 


RUNS  COMPLETE  ? 


NO 
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SUPPORTING  ROUTINES 


SUBROUTINE  READ/CONF 


READ  DISK  TO 
FIND  DATA  OF 
INTEREST 


READ  DATA 


READ  INPUT 
PARAMETERS 


WRITE  INPUT 
PARAMETERS 


CALL  SUBROUTINE 
CONFIDENCE  LIMIT 


RETURN 


CPMUTE  CONF 
LIMITS 


PLOT  CONF  LIMITS 

CALL  SUBROUTINE 

COST 

I 
RETURN 


82 


* 

* 

*  * 

>- 

*  * 

* 

♦ 

** 

cc 

## 

* 

* 

*« 

0 

■** 

* 

* 

** 

K</> 

** 

* 

* 

•> 

*♦ 

ZQ. 

** 

* 

* 

a. 

** 

UJ»-t 

** 

♦ 

* 

2: 

** 

>x 

*«• 

2: 

* 

* 

Ui 

** 

Z(-0 

** 

O 

* 

* 

»- 

** 

*-t 

■»  * 

O 

* 

* 

o3 

** 

00 

*  * 

Z 

* 

* 

II 

**• 

LUOO 

*  * 

•a 

* 

* 

Z 

«•* 

z< 

*  * 

CCO 

* 

* 

00 

*  %■ 

"-•-J 

*  •* 

LU 

* 

* 

Q 

** 

ou 

** 

LUOO 

* 

* 

•> 

** 

z 

*  * 

ID 

* 

* 

rH 

*••«■ 

Ujro 

** 

1- 

* 

* 

<?> 

** 

O 

** 

OO 

* 

* 

lf\ 

** 

LUO^ 

** 

U-CC 

tf 

* 

CO 

*# 

X 

-?<•  * 

OO 

* 

* 

II 

*•» 

HO 

** 

1- 

* 

* 

LU 

♦  ^ 

m 

** 

00< 

♦ 

* 

sr 

M 

** 

LL 

** 

OCC 

* 

* 

11 

»-H 

** 

ou 

** 

UJyj 

* 

* 

111 

00 

** 

0 

^* 

UJZ 

* 

* 

2: 

SC 

*# 

•z. 

** 

00  LU 

* 

* 

+-t 

_J 

** 

Oh 

** 

O 

* 

* 

i- 

CD 

*-»f 

hhUJ 

** 

m 

* 

* 

••> 

II 

»* 

t-UJ 

** 

HOC 

♦ 

oo 

* 

• 

CO 

-  — 

** 

<_l 

*  * 

l-UJ 

* 

2: 

* 

CC 

O 

** 

ecu. 

*  * 

CO 

* 

< 

* 

LU 

O 

** 

LU 

** 

K2. 

* 

cc 

* 

»— 1 

•» 

O 

** 

o_< 

*  * 

LUO 

* 

O 

* 

H 

*"* 

t-l 

*# 

0 

** 

OOZ 

* 

O 

* 

Z) 

vO 

O 

•k* 

5: 

41  * 

* 

cc 

* 

< 

♦* 

► 

■if* 

UJCC 

■K* 

* 

0. 

* 

O 

in_j 

O 

** 

10 

*-H- 

■ic 

* 

m 

II  >- 

O 

** 

H-LL 

■*•  * 

* 

cc 

* 

•«. 

OO 

_J 

#* 

** 

00 

«■ 

w 

* 

— . 

O  — 

►O 

■** 

00Q 

** 

3 

* 

h- 

* 

O 

•  11 

OO      O 

## 

IV  UJ 

** 

0 

*• 

D 

* 

_iccu;lu 

OO       fM 

** 

\-\~ 

*  * 

_i 

* 

0l 

* 

0110 

rH    ••       O 

** 

<o 

#* 

_i 

* 

2T 

* 

CC  00 

M< 

*-■— » 

»-(_)          *. 

»* 

_juj 

■** 

0 

* 

O 

* 

►  11 1- a 

C\j<\J 

0<Ca'0 

** 

=)Q- 

■K  * 

u_ 

* 

O 

* 

l-CL 

•OO 

(\I(\J    •>   * 

_|LL    ••<    •* 

*# 

s:x 

#* 

* 

* 

llooj*:  •» 

•    ►-J.J 

oco  -cc>{s> 

** 

i-iUJ 

*# 

00 

* 

* 

<\1»-H 

o< 

-J_J>> 

O   ►C>    ►2T 

*  * 

on 

** 

< 

* 

* 

vDOlTXQ 

>->-uo 

ococpitiICh 

#* 

00 

** 

* 

* 

in  •■ 

»-«O0 

00-— 

OHlf\    »0    "-OCNJ 

#* 

51 UJ 

*  * 

LU 

* 

* 

OoO  II  > 

>-—  II  II 

sTOc\jOOOm,-H 

*# 

<Z 

*# 

CC 

* 

* 

►OOOoO 

II     II  L'.'.li. 

4f* 

!X^ 

** 

< 

* 

* 

CMQ 

O  II 

LLHUoO 

rujxowuco 

** 

oc 

»* 

r- 

* 

* 

CMO 

•  h- 

oo« 

orDooxH-2"<< 

** 

oz 

*  * 

► 

00 

* 

* 

O  II  Z^- 

.<?:<j;clcu 

OOU-OOOU-  X|- 

** 

CCWJ 

** 

f-i 

h- 

* 

* 

O  LU  O  Z  OO  a.  O.  00  00 

•Jr* 

a 

ii  * 

Z> 

* 

* 

m>2. 

HH  ZJ^^OO 

(JUUJI'ILI  U-iUlUJUJ 

■K  * 

LU 

>f  * 

a 

* 

* 

<0      <          QQ 

1— 1— t— 1— 1— 1— h— f— 

*•* 

l/)  00 

** 

z 

* 

* 

COZ 

i^oo-oaoo  *  <««<■« 

*■* 

wO 

** 

LU 

•-H 

* 

*• 

OOO 

CCO    «-QO 

00000000 

** 

XX 

** 

1- 

# 

* 

-?Q 

•>      3           ZicDOCCCOCCO 

•k  * 

y-t- 

*  * 

< 

_J 

* 

* 

l/0|— U 

•  0  ca  u  J  qC  0  —1  —J  — '  _l  —J  — 1  _J  -J 

** 

*# 

_J      H 

< 

* 

* 

D(/)I;Za 

1 — 1 — 1 1 — t — I 1 — 1 

** 

X 

** 

Z)      -J 

►H 

* 

«- 

(VIQCuO.-- 

-UJJ-»— 32 

'  <£<i<l<t<3.<i<X.<< 

•«•* 

•H 

** 

2      O 

h- 

* 

* 

(\J 

Ch  II  h-STQ.I-1- 

'LUU.U-lAJ^-'liJlijMJ 

•ir* 

UJ«-« 

** 

•-«      21 

•— 1 

* 

* 

t-HCD 

O  a.  z  >-  1;  z  00  cc  or.  a:  a.  cc  cc  cc  cc 

** 

OO  J= 

*-K 

00     cc 

Z 

* 

* 

O0l-H 

U  CD  00  hh  c/)  ot  1-*  >- 

** 

< 

*  * 

1— 1 

* 

# 

h- JI'JOmOQQQi/ 

1 

** 

OS: 

^* 

* 

* 

<£OX    »Q    •    •    •    •    • 

** 

L'J 

*  It 

* 

* 

OO 

!iiO 

OOOOO 

** 

LL'I— 

** 

# 

* 

0-3 

0 

OCC^O 

** 

0000 

** 

* 

* 

.^^"vv.^ 

#* 

<:> 

«* 

* 

* 

S\N 

»V»V..^^>v 

** 

cc  00 

** 

*     **** 

83 


o^>t^** 


Ocnjgo^o 

i-4,-4(\JrO 


2 
O 


o 

000 

u.< 
u 

0«-i_j 
UJ>oO<_> 

oar    »~t 

_J  00  21  00  00 

OO  cCi  t— I  ►— ■  LL' 

Cji— i-q: 

UJ  <3 

5IUJZI-_I 
»-iC0UJO0»-t 
I-      LU      < 

00|_H-Z 
2  LU»-i5: 
OoOCDH-CJ 
i-itu  cxQ 
»-OUJ<Z 
<m3"(-< 
>_j»-HO0ct: 
a:oo»— 
UJ  wn- 
iz)  lull  <x"0 

0*~*      U-L"! 

I iujCD 

u_     <rm< 

0">      H 

oa>-z 

•  UJ<U' 
O    •»-_JO 

zozwa: 

Z*->CiWi 
II  II  II  II  Q- 

II  II  II  II  M 
OOUJlUH  II 
Z2Zct£Xt-> 

at-zh< 
:>-«ooc£ 


O 

o. 
a 

-JO 

cdz: 
<i< 
i-x 
ou 
a: 

LU 

ujcu 

i-o 


a 


:o 


iu 

Ooo 
<o_ 

_)X 
Uioo 

-i    a 

OtUH- 
Z<-> 

H-  nZ 
r-.OZ> 
OO^LL 

<  a: 
q:u-0 

■ijUJZ 
F-CO)U 

oos:^: 

II  II  Ll 
II  II  < 
O0_|  || 

O  II 
<tOI- 


o 

Oc\J         in 

•     ».    ••    »^ 

i/UlJUiK-    * 
D'-'0<Z 

TlIII 

xxxxx 


o 
o 

*     :*: 

oo^:_j 

<i-o 

cl.-z.o~ 
h-t~<z 

x  xx- 
xxx 


«i  <t  *i  <r  <t  <  <r  <j 

>     II t-«t— 1»— 't-4 

Kl-f-K-l-l-l-l- 

zzzzzzzz 


CM^vt^tvJ" 


tnt-nr-roo 

t-lr-4(\lc\J 


^00>l">J">t 


oo^*t<J->fr 


•-«(\ic\i 


o 

ro 


ZCNJ 


x 

X 


*•**# 


*#** 


t-<(MCM 


OOrHf-rOCMn 
CL  t-Ht-HCsJ 

»— I 

X 
oo 


a: 
O 

UJ 

a: 


UJ 

> 
a: 

o 

CD 


CC 

vfrOO^OO 

< 

^-H-HOJCVJ 

UJ 

!JU 

_l 

S 

CVJ 


O 

(M 

in 

v. 

(VJ 


*#* 


1— « 

LL 

h- 

• 

X 

rH 

h- 

>4" 

t— 1 

s 

2 

sr 

<"       >*" 

>r    >r 

CO 

ro     m 

ro     ro 

o 

z 

2      Z 

z.    z 

or. 

U- 

u_     U- 

LL       LL 

t— 

* 

•"          <*- 

t-        • 

in 

o 

rsj     -4- 

vO      fM 

o 

UJ 

o 

H         O 

rH        t-< 

•  >t 

oo 

<\J 

ro     ro 

v3"        CO 

z  ► 

< 

•*v 

^       >v 

v,      ,^ 

a:0 

(U 

00 

OD       CO 

00       00 

<o 

ex 

>3-c\j 

rvj>t(NjNtc\iv0og 

UJO 

o 

uz 

ZU.lZtwZLUZ 

_jo 

^ 

••a 

u_   -U- 

»u.  no. 

*ftro 

t—t 

r-<    o-J-    •■t— t    ►rH    »-i— <    » 

z^. 

OCOU 

SOUMO^OO 

>t 

c 

O    •"«         f-H 

s0       o 

•» 

»- 

cm,-ic\j     ro 

ro     cm 

o 

J"^     v. 

^v        ^ 

Zro 

00 

zr- 

r-zh-zh-zr- 

O^v 

z 

C<M 

<NOc\iOrMOc\j 

i-nn 

o 

»^Z 

Zi-'ZmZmZ 

1-  •> 

t— 1 

H  LL  ZT  u_  K  U- H- U_  1- UL 

oo 

1- 

t_     ».Ci     »-tJ     ••<_)     »-0     •• 

ZCM 

o 

z:  no  »-« oo  z  o  2  c\j  z:  co 

D\ 

z 

zjmi— t)z>^Xj«-<z)o 

U_>o 

x> 

U_  «-H  O  CM  UL  f\|  u.  ro  LL  tM 

•■ 

u 

^«Z^         *N. 

>v        ^ 

zo 

rHO3v0rn*©^OLT\s0 

QTfH 

rgixcNj     rsj 

r\j     <\j 

<>v 

Z 

2      Z 

z    z, 

wr- 

U-CsJU-       UL 

LL       LL 

_i  * 

•» 

••       •• 

«"                 * 

o**-*    o 

o    o 

o    c 

84 


LL 
O 

Z 

o 

*-* 

O-J 

z=> 

DO 
LLl'J 

X 

m 
oo 

<o 

z 

Zl- 
«-t<t 

h-a: 

UJ 

ZG 
LJ 

2:0 

UJZ 

< 

ao 

IUQ0 
CCY- 

Ui 
Z-J 

Z< 

a'x 
una: 

tu> 

DO 

02 

»-UJ 

UJ 

00^ 

Zt- 
OUJ 

OUJ 


Dm 
U-l- 


#**#*# 


o^Orri  in^oo  (N^-Oo  oonO»4*  ir\voao  ornsO  r-CMo         -4-OP-         r~t 

>to**t  i-nl^-rn  coinro  vf-mcM  r-<r-4f-t  ^h  oovj-a>         >j-i-<r-         o 

HHfvj  (\j(\jrn  (\jm-4-  c<^m  ^in-o  t-jt-icM  mcmcm        c\jrOfO        rn 

•*  t>  •  •»•••  •*  ^  ^  «-•"•-  •■••*•-  •-  #*  »  »-  ^  •>          «  «-  »~          «. 

m<~r-i  in^-*-*  ir\^'-*  in>ti-n  m<j-«-*  m-j-,-*  rn-4-t-i        m^«-»        in 

i^-ocr>  i^oo^  hOo>  r^ocr  r-ocr-  r^o^  r^oo        r-oa*        1*- 

i-iooch  ,-icocr>  r-^aoa-  —<cocr>  <-tcocr  i-tooa^  r-*cocr>         r-ioocr         i~i 

•  ••  •••  •••  •  1  •  •••  •  •  •  •••          ■  •  •          • 

'W.'Vs  'VWV.  ^^^  ^.^^  ^^V.  V.V.V.  "V>v*v             \S\             >». 

•  ••  ■    •    •  •••  •    *    •  «    *    •  •    •    •  •    •    •               «    •    •              • 

•-•oom  in-OvO  cr^"oo  -4-»-»ct^  oo<j«rH  cOvoo^  oocvjp-         roo%o         °o 

^oorn  oow  yQ<tr-4  rorvjo  oc^o  cmoo  i^-rnoo        ma^vo        °° 

•-♦'-•cm  rvjfMcn  cm^"^  c<W  m  ro^-vO  *— *»-<c\j  i-hcmcm         cmcmco         c\j 

•  *.  •-  »•-■•■  »-•-*.  *-  *  »»  ».  *-  •-  *-  »■  *  »-  *»  *           »   »»  •*          •» 

OCM(\j  OCMOsJ  OC\J(\J  O0^0^  OCM<N  OCMCM  OCMCM             OCMCM             O 

CSJO<X>  (NJOOO  CvjOOO  CMO00  (NiCOO  CNJqOO  t\JOCO             CMOC0             (\| 

»-4r— o>  ,-ir^o  r-tr*-<jN  .^fs-^  fir-cy  »-«r-CT>  f-tr-cr>        r-ir^o        r-* 

•  ••  •••  •«•  •  #  •  *••  •••  •••         •••         • 

"^^v^  V.>ov  'V^'s.  v^^  ^^v»  >k*s.^  ^-^^          SSS          >v 

•  ••  •••  •••  •«•  •••  ••»  •    •    •              •••              • 

coci*-  lAsOvO  p-«-«in  cj^r-in  rncM-J-  oo-t-i  crrooo        cMootn        in 

rnoocM  crinr-H  inmo  r-»oo  coooao  »-HinO  oc\jr~        csjaom        h- 

t-«f-4(\j  rHCMrn  cn^^  m>4"-4*  m>4-<^  i-<i-t<\j  i-ncvjfM         (\i(\jro         00 

^•(\iro  -^-cMro  sffMm  «^-c\iro  -j-c\jm  >T<\jro  <f{\iro         -J-cMro         v}- 

t^-coo  r-oovo  r-cx?so  r-oovo  r-oo^o  r-oo^o  r-ooo        r^-oovo        r- 

omo^  oma>  ciao^  o^a^  o^c^  Oir»o  oina>        omo>        o 

^•v^^V  ^V,"*^  ^^v.  ^^v.  ^"^^  ^^^  ^v»*v          \ss          v. 

•  •«  »••  «••  •••  •    •    •  •••  •••              «••              , 

nO<njo  in>OvO  mom  ^j-^o  ^tmr~-  o>^^|-  o>tcr«        nr-j-         c\j 

(\ih-r-«  co^c  -4-r-iQ\  00^00  >Ov0^o  Ointr  Ofto        i-ir-^-         o 

rH^4(\j  i~<f\jro  ogfOro  rof^vf  m^m  t-H^ni-n  »-«f\jc\j         rgcsiro         <nj 

(J\    »     ■.    »  QN    •    v.   ••  Qs     •>    ».    ••  O^     •>    »     •>  0*    •»    ••    »  0s*.*"*  On».»«»        Q\    •    •.   ••        (^*" 

t-<r^-C\JvJ-  rHl^-COst  r-if^tM^  f-T^(Nvt  rH|^(NJvI-  r-^r-CsJ^  r-I^OOvf        ^^-CvJnJ-        ^Hr- 

Ov3-%o<r  t_>vj-vo>3-  <^-4-<j<j-  0-4-0-4-  o«4  o<r  o^o^  o^-o-J"     o-4-o>t     <-)<t 

►Osi-a>  »-o>tcr  to-j-o  ^o<j-o  •c^**o^  ►o-4-on  ••o>j-o^      »o>fc^      »o 

(\i»»»  fM.'o  f^»»«  (\J«»»  00»««  <\J»«»  (\J    •    •    •      CO.**       <\l« 

zr^»v^  z:v,v^^  z^-^'v  zr^"^^  z^^v.  z^^-v  zv.>v^    zr^v.^.    z:*^ 

a:  •  •  •  a:«»«  a:  •  •  •  a:»»»  u.  •  •  •  a:»»»  <£•••     a:»««     at. 

<»in(\i  invco  c\jr-.-H  o<x>in  r-^o  »-<>}-r~  nmo        oo<\j        cr 

f-4v0«-»  r-mcr  roooo  c^r-vo  ^-sMn  o^t°o  i^o*        oor°        ^~ 

tH^<(\j  r-i(M(\|  corner^  (\iro>i-  rn>tm  ^4,-tr-t  rHcvif^J          CMCVirn          CO 

z  *  -  -  z:«*^  z:^,».  z:-,^  ^r.^^  z  -  -  *  z.--    Zr**    z»» 

ooorsjin  oco<\jin  OcocNin  Ooor\jm  ooocviin  Ooorom  ooocvjir.     ocoroin     000 

H-lCVJ^r-*  ^-,(\JS}-f-H  l-«f\J  ^  ^-<  l-iC\|-4"^H  »"H  f\J  -4"  »H  Hi  (NJ  s^"  i-H  »-1  CM  vj"  »~<         *->  CM  ^  H         Hl(\J 

KOfoO^  hOi^O1  l-Of^ff-  f-Of^O^  t-O^O^  t—  Of^O  h-ocnCT      I—  OroO>      I—  O 

<_)•••  O  •  •  •  O   •    •   •  <_)•••  O   •   •  •  O  •   •   •  (_)•••     o    •    •   •      o   • 

Z^^"vs  .ZssX  «ZS\\  •Z*^*v>v  .Z^^v.  •Zv.v^vs  •^^•^'v    •Z'v^^    »Z>v 

3  •  •  «f-H3  •  •  »r^z>  •  •  «ro^>  ,  •  »o^3>  •  •  «mz)  •  •  »co3  •  •  »inZ>  •  •  «ooz?  • 

u_or^<ru^LLLnvo<'<u-<Jvt0ov^LLir>r','--<fr»u-ocMrnfr)U.  >tf^oc\ju_(-ivO'-,oi-LCMn'-<cou-v£) 

«-<inoc\j     vOcnjooco     rvja-o^     r-voinu-\     mmrovo     omoorg     -j-CMnrn     coincvicn     m 

Hr- |C\J  •-       rH(\jC\J  ►       C\IC\jrO  ••      C\JCn>4-  •-      (-O^in  •"      Ot_,*~'  •"      r-ir-1<^    "      «-Hc\irr)    •>       cm 

•  •>  »-q        •>  •>  »-o       *  ■    •"O        •"  •   **0        •••-•>0        ••  ••  »0       •  •*  "O        m  •■  *o        * 
cr>a>cu£i     cj>crcoc     o^ocoo     u^crcoc     tr>u->coO     otrcno     oc^oo^)     a»crayo     w 

rHo^^o^Ovfi^o^o^r^o^to^h-oino^r^o^o^^o^o^t-r^cooo^f^oc^o 

tOCvjW  »^-lOCMOJ  «^-(OCM00  «rHOCMCX)  •>-<OCMa0  «»-<OCMCJ0  •«-tOCM°U    «f-tOCM<»    »i-hO 


85 


O-r-  cor-f^  coc\Jc\j  r-4O0  ocroo  cor-o  >Om^  ocvioo  moO(\j  ocoo 

r^m  m>j-m  i-<ir\o>  >o«-»o  o>Cf\i  mrvjcr  OcoO  c^ro^o  mi^r\j  r-c\joo 

ro%j-  m-4"in  i-e-*.-*  rH<\if\i  <\j<\jm  <\Jmcn  rOro>l"  0»-«r-i  r-«r-*c\j  r-ic\jf\i 

•4-^4  \r\>t^A  ir\<tr-i  in>l"<-«  m-4-.-t  ir\>tf-.-)  i^st-f-t  ir\>J-.-»  ir\Nt,_i  m^i-< 

O^  r-ocr  r-ocr  r-oo>  h-oo  i^oct"  r-o^  i^oo"  f^oo  t^-0(> 

COO*  i-»00O^  r- ICOqn  ,_|COO  r-ICOC^  t-*COO*  "-toOCT1  H00O  t-tOOo^  r-<COO 

V.V.  ^V,^  ^.V.^  "V^>v  V,"^"^  \S\  *V»v."^  ^^^  "^^vV.  V.^>^ 

xO*J"  mc\Jc\j  oOir\  rorocvj  o^^  vOtf^  m<\i»-«  OvOcm  r*-»-*ir\  r-OfM 

%o>t  >J"mc\j  o<rco  mom  o^*-'  <tr~*<x>  or^m  o^cmno  c\jr-,_i  sc-^r^ 

ro>t  ro^m  hhh  .-iCvjcm  csjojcn  c\imco  ^ro^f  Ohh  «-"»-<c\j  i-«c\jc\i 

<\jc\J  OtMog  0^<nj  ©c\i(\i  o0^^  ofM™  Orvjf^J  Ocvjcm  o<\ic\]  ocvjcm 

O00  <NO°0  CMOOO  CsiOcX)  (NjOCO  CNJOOO  (NiO00  (\Jo°0  <NJOOD  CvlOcO 

h-cr*  r-<r-o  »-<h-o^  r-ir*-ON  i-hi^-O1  ,-4r~o^  «-<r-o>  t— ir-~c^  t-tf-o^  r-if-o 

V*^  *^^.>v  \S\  SSS.  VNV  ^^"^  ^^^v  >s>v^  S\\            ^^ . 

(<\t~*  cocoi^-  oooo  lt»>3to  o^co  m-Jro  00s00  ^0*°  o^"oo  000m 

ir\ro  NhO  omf^  -^cr^i-  0^0  roor-  comr^  co<\jir\  cvjsOo  inrHvO 

co>fr  m>j-m  p-t^-i,^  >— it— icxj  r-4C\jm  c\jcnco  (\Jro>4"  0»-4r-<  «-t«-H(\i  r-<c\jc\j 

<\jrn  ^rvjro  >tNiti  >J-c\Jm  4-roro  -j-curo  -<f(\iro  -J-rvjco  <J-(\Jro  >tf\iro 

co*o  r*-ooo  t^-co\D  p-cOvO  p-oovo  p~co>o  S-coo  p-co>c  r-ooso  r--oOsO 

ir»o>  Omo^  oir\o>  omo>  o^cr*  o1^^  cLno>  Oino>  otno^  omo 

Vs"^  ^\^s  ^V.^  *^^V.  "v^V..  'V^^  SNS  ^W."^  ^V."^  ^-W. 

000  roroog  mmc\i  \OnOit\  OCTco  mrsirsi  xOsO1^  co<4~0  ro»oo  o^cm^j- 

^-rH  HjjtT'  c^rnr^  roooon  comoN  cMcr^o  0^^  r^,-H^  «-,ir*C'  >4-om 

ro^-  rn^-^  Ohh  «-*'-,(\j  ,h<nc\i  (\10jrn  f\ic*,i'4"  Cr<H  .-j,^^  r-irviog 

•»  •  O^..^*  0s**-*-  (j\   •    •.  •»  (7>   •.  •   ».  CT  •»  •>   *  CT«  •»  ••  •  (>».••»  O*  •   ••  •■  (7»   •*  •>  •• 

CVJ>t  »-«r-(\J»t  r-<f^CN<f  r-Hh-CMvt  f-^J^-fNJvf  r-ll^-CkJ^  r-Hr»-<\Jvf  r-lt^-(\J-4-  n-<r~f\J>t  rHr-CvJ^- 

^^  o<"0>t  o>4_sO'^'  o^tOvt  o«4  o-j-  o>t^<"  o^t^o^r  o-^o^r  ovrsOvf  o^vOsj- 

*^-a>  ••c^C1  »-o<t<y>  *-OnJ-ct  ».o»toN  •o>^"Os  •cnI"^  *-o^-ct  ►o^f  •o^o* 

•  •  <\j  •  •  •  c\i  •  •  .  c\j  •  •  •  01  •  •  •  (\J««*  r-j  •  ,  •  r-j  .  .  .  (M**«  r-j  •  •  • 
"^"^  Z^^^»  Z"^^"^  ^v^^vv  ZSVS  ^^^v\  2\S\  ZT^^'V  ^^.^v,  2rv»^'^ 

•  •  a'  •  •  •  a  •  •  .  a.  .  •  .  cr  .  .  •  a.***  a.  •  ♦  •  u:  •  •  •  a  •  •  .  a.  •  •  ♦ 
r^ir»  cooof*-  r^^m  auaor^-  00^00  nhq  (<^(\j<nj  c\Joo>t  irvchro  nmin 
cnjo  000^  oo{\|vo  rvjf^-tvj  f^(Moo  .-tcom  inmn  r-o^  c^-cr  -^a^^ 

C0>3"  <NJm>^  O^^i-l  r-tr-«<NJ  r~4C\J(\j  (\JC\1(T|  (NjMvl-  G'~*'~i  •— *c— !•— •  r^rHCM 

•>•  z^-«  z^^-  z-^-  ^»-»-  2-»--  z:-*-"  z*-»  a:**.-  z  ••  ••  * 

(\|ir\  Ooocm1^  Oooro1^  ooof\jir\  ooDtvim  ococ\jm  ocof^m  Oooc\jin  ocoro^  ooofNJin 

•4"»H  M(M<(-H  H-HCNJ^r-*  •— .(\1nJtH  mM^^  t— cM^Jf-1  >~<l\|"4"rH  hhCNJ^-"-1  »-nC\Jsi-r-<  ►-'fVJ^f-* 

•  •  o*«#  o  •  •  •  o  •  •  •  o  •  •  •  o  •  •  •  o  •  •  •  o  •  •  •  o  •  •  •  c?  •  •  • 

V.V.  •2:v..s«s«v  •2Tv.vv>v  •^vvv.^  •ZW..V.  •2v.>n.v>  .2^^v.  •2:^^'^  •2*st>vv^  .z^«^v.   • 

•  »0^  •  •  »c\»Z)  •  •  »ooZ5  •  •  »cco  •  •  »co^5  •  •  •ceo  •  •  »h-3  •  •  »^3  •  •  «o^  •  •  •Os 
"^"fM^-LLrorr !fMiniioavCT'CMiC(^yNvoa.uo^arriu  ca^oociU-oc^cor^u-  voc\ioor-u..oorM<5rou-c\i^-r~co 
•-•o^^j-  oor^oiTi  oOpwir\r-t  c\jvO'-'cnj  o*- 'r- f>  oorosr  >j- r~' o  <f"  xOomi-4  cr-4-oo(\j  maDf^t^^ 
cor^i  ••     c\jro^  •■    ohh  »     r-ir-iCNj  ■     ,_)OJt\j  •>     f\it\Jn-i  •>    r\irom  •*    ohh  •»     ohh  ►     rHr-<tNJ  •> 

••  ».0  •  *•  »-0  •  *  'O  *  *•  *0  *■  *  *"0  »  t>  -o  —  *•  »o  •  •*  ••o  *  *■  *C  •"  *"  "O 
trcoo     o'J'ooo     cr>tr>tuo     crcrcoo     u^crauo     o^ctoocj     cr'tcaso     qnctcoo     a^crajo     crocoo 

CMCO  •CvJCCMCD  •CNJOCNJOU  •<\JCJ{\|C0  •CvjOCNJOO  •CNJCJCNJOO  •t^lO^OO  »C>JOC\JC30  •(\iOC\|CO  •CvJ«Jc\jOO     • 


86 


•  •  • 

orotr\ 

••  •-  • 

lT\>trH 

r-*OOCX' 

•  •  • 


Ocvrsj 
<\jqco 

•  •  • 


•  •  • 

CTc\l>j- 
Oi-HrH 

«.  •>  • 

r-coo 

•  •  • 


•  •  • 


OOOnO 

•»  •»  •* 
Oc\jc\i 

(\|OCO 

r— ir— -o^ 
•   •  • 


coooir\ 

•»  •  •• 

(NJO00 

•  •  • 

•  •   • 

(\JsO>-l 

cvjcvjro 


•  •  •         •  •  • 

tf\vOcO  H<00 


t\Jo°° 


•  •  • 

■-IHO 
.-K\JC\I 
OCVJCsJ 

cvjoco 


•   •   •  •  •  • 

vorvjr-         mcom 

i-l(\|(\J  «-'rH<M 


chr-(\jvj-     crr--c\j>j-     crr--c\j^"     o^r-c\j>3- 

r-lst"NO>t         t-lvtO-^"        >-<NJ-vO>t        r-t^vO^ 

oo>tcr    uo^"^    oo>tc^    oovj-O1 


.  z  •  •  • 

!  c\iro^ 

J  *»•»*■ 

■>  2^coc\jin 

>  K    •    •   • 

.  *  Jl    •    •   • 

■>4-ul->*c\ic; 


•    •    •      2"    •    • 


<\j(\)rn 


0nit\i-4 


•z.  •  •  • 

lT\r-tvO 
,_<(\JC\J 


21    •    •    • 

■|C\J 


zcoogm  2^oocmlo     ^cotMin     2£coc\i<^ 

0(\J-Th  OCsl^T'H      C'O-JSt-t-i      Of\j>f-« 

t-nOrocT"  i—of^cr     mO^c^     t-«orocr* 

f—  •••  j—  •••     t—  •••     t—  ••• 

<_>^.*^>v  u\\\     o^.^^     ov.^"^ 

•  2!    «   •    •  •!!!    •    •    •   «Z    •    •    •  »2T    •   •   •    • 

00 IL  iH  00  IP  <\J  U_  00  -sT  O  I*-  U-  <fr  ^  O  r-4  LL  f-H  O  rH  v0 

<r     t\4rgfO>r     r-4<Mroro     .-HCviesjm     ,_t,_4C\jc\j 


cr»cj>ao 

CVJO<\l00 


O      •  •■  •~o     cr>o-oo 

O     onncoo     O^jr- 

O  O  O  >*"  Is"  O  •-*  O  cm  co 

•  coorvjou   •ro   •  •  • 

•     »rH        OQO 


o     cro^coo     otj^ooo     otr>coo     a^coo 
o    o>3-r-o    o>i"i*-o    o<"r^o    o<n^o 

OfNJCfNiOOOfOOOOOOO^O^COO^OCMOOO 

•  •  •   «o>   •   •   •  »m   •   •  •  «rn   •  •  •   • 

ooch  oooH  oooh  oooh 


87 


LU 

z> 

Q 
LU 


X 
00 


oo 
on 


UJ 

x 


X 

r- 

2: 


O 

o 


LU 

LU 

(X 

> 

LU 

on 

X 

LU 

Q 

LU 

LU 

LU 

D 

LU 

2 

s: 

C£ 

>- 

o 

00 

O 

O 

»-• 

UJ 

K 

H- 

2 

O0 

2 

i- 

X 

LU 

►-t 

»— i 

•— t 

< 

s: 

LU 

-J 

2 

s: 

o 

h- 

r- 

_) 

*-H 

or 

CC 

LU 

o 

2 

»— i 

LU 

o 

< 

o 

O 

2 

LU 

_l 

< 

UJ 

LL 

< 

s: 

a 

•SL 

LL 

_i 

_J 

CC 

LU 

oo 

O 

> 

HH 

O 

OC 

*: 

X 

Q 

r- 

< 

< 

00 

LL 

>- 

DC 

i- 

< 

> 

2 

•J 

UJ 

< 

O 

t—t 

UJ 

< 

3 

LU 

O- 

ex 

LU 

_i 

3 

3 

QC 

_J 

CC 

UJ 

D 

2 

UJ 

LU 

Ul 

o*> 

z> 

OC 

>J 

•— t 

Q 

Qi 

LU 

3 

a 

LU 

_J 

»— i 

O 

2. 

UJ 

2 

»-• 

LU 

< 

2 

(- 

h- 

»— • 

2 

v- 

•— 4 

< 

2 

LL 

LU 

a: 

<L 

1- 

ct 

o 

LL 

»-H 

O 

00 

O 

2 

s: 

5: 

Q 

o. 

UJ 

*: 

UJ 

a 

LU 

LU 

on 

o 

2 

oo 

> 

a: 

2 

00 

X 

U! 

Q 

< 

2 

•— i 

o 

M 

2 

Q 

r- 

H 

2 

5" 

< 

a: 

2 

e 

<r 

-J 

LU 

< 

LU 

on 

on 

U) 

z 

a: 

a 

00 

Q 

on 

D 

K 

<c 

cc 

LU 

l- 

X 

•— i 

X 

o 

o 
o 

-j 

OO 

o_ 

>- 

o 

LU 

LL 

< 

H- 

X 

r- 

CL* 

Of 

_j 
Q 

o 

O 

oo 

> 

on 

2 

CO 

oo 

IO 

< 

•• 

i— i 

■> 

UJ 

•J— 

X 

2 

r-< 

Q 

• 

M 

.-tOO 

•» 

a: 

rH 

rH 

t-i 

^ 

CC 

-X 

»— 1 

^  ► 

>* 

t> 

•* 

« 

•• 

•<• 

o 

is)  •- 

_J 

»._J 

t\J 

D 

O0 

2 

00 

> 

o 

CLi-t 

< 

l-O 

2 

■zee 

2 

Ol 

2 

_j 

o 

*->iC 

*—* 

OOO 

i- 

LL 

<Uj 

< 

< 

< 

_j 

< 

X  ► 

t- 

QCUL 

X 

r* 

O_0_ 

on 

LU 

on 

<t 

00  + 

•— • 

HZ 

LU 

on 

v»o 

H- 

_l 

-J 

Y- 

-1      H 

00 

m\~ 

2 

U-« 

2 

> 

UJ 

i«> 

^ 

uuo«u 

O 

<& 

O      *> 

Ol 

22 

HH 

<»l 

m 

<t 

a. 

XT< 

X 

<r<£<2< 

O 

X 

O      X 

•— • 

LL»-h 

2X 

m 

2 

O 

•XZr-l 

X 

U_U.  U.U.U. 

a. 

X 

t-i 

Q-HX 

X 

2 

oo 

O 

LU 

LU 
IU13 

i— » 

_3 

or 

1- 

r--J 

o 

—i 

lulu     00 

UJ 

UJ 

LU 

00 

onui 

< 

<C< 

uu 

LU 

< 

u-o 

0 

1-0 

O 

—i 

r-       2 

CC 

cc> 

oo 

y- 

t- 

QC 

> 

002TU30 

2 

ujc£0£:2L,i 

UJ 

2 

OiO 

UJ 

LULU 

x:t-—>x: 

i— t 

* 

Ul 

UJ 

2<>H^ 

< 

3UJ«.> 

3 

< 

LU 

<JHH|— 

2 

2> 

O0 

onoo-Ja: 

_ja: 

>- 

> 

<><o 

> 

LUI—  CL><t 

UJ 

> 

K 

0.000 

LU 

UJ<C 

►— • 

<LUCL< 

a 

<: 

2 

< 

OCQIMO 

D 

^ZlUQW 

Z) 

a 

< 

U!OUJ 

CD 

ooo 

X 

Eh^'s 

002: 

UJ 

(/> 

t~<I_J-J 

<; 

OUJD<J 

0 

< 

e> 

Q_Jt- 

H          O- 

H- 

h- 

>2 

2 

in 

<r 

00          O 

X 

LU 

<•"' 

cr 

0 

X 

on        x 

UJ 

UJ 

20 

<i 

O 

X 

»-• 

2 

_J 

a:-' 

LU 

(- 

X 

LL  LL  —I       O0 

******  ****  **  ****  **  **** 


88 


** 

** 

*# 

♦  •«■ 

** 

** 

-j 

** 

#* 

< 

»* 

** 

K 

> 

#* 

** 

UJ 

OT 

** 

«  * 

UJ 

UJ 

*# 

*•« 

00 

• 

-1 

K 

** 

H- 

#*■ 

UJ 

UL 

Z 
•-•CD 

oo 

UJ 

** 

*•* 

< 
X 

**• 

SIS 

•-•oo 

UJ 

CD 

or 

** 

h- 

»* 

i-*r 

X 

UJf- 

3 

*•# 

** 

>zo 

1- 

X 
l-O 

-J 

U! 

#* 
#* 

<t    0 
-js:_i 

o 

H- 

< 

#* 

O 

** 

UJWS 

K 

Z 

ot- 

LL 

UJ 

a: 

** 

*# 

o 

** 

Qh 
00Z 

Ul 

z 

s: 

UJ 

>- 

*■£• 

■Jf  # 

5T>-Ui 

z 

>UJ 

o 

X 

< 

*  * 

00 

** 

<OOUI 

•-» 

-J2- 

Q 

_i 

#  * 

oo 

** 

or     3 

e> 

SU! 

Z 

h- 

LU 

•ft* 

o_   • 

*  * 

OUJl- 

z 

oTO 

<c 

U4 

U 

** 

OLr 

** 

CJXUJ 

UJ 

0<t 
u 1 

or 

_i 

t- 

*■«■ 

z 

ori—  aj 
a. 

3 

»-«Q. 

UJ 

UL 

or 

** 

Xoo 

** 

UJ-J 

UJ 

ZUI 

X 

o 

** 

•-O0 

•K  * 

00 

-Jh-<t 

Z 

loot 

1- 

or 

z 

a. 

O0 

#* 

Ui 

5IO 

UJ 

3 

«> 

i-«Z)or 

Q 

_js. 

* 

UJ 

z 

#* 

00 

#* 

_l 

K_jUL 

Z 

mC 

OT 

<t 

■*■-«• 

or  or 

*  * 

< 

l-H<tl— 

UJ 

<or 

< 

Q 

or 

#* 

LL.Q- 

*-^ 

> 

z>z 

00 

oo 
UJ 

a: 

z> 

_l 

•—I 

< 

u_ 

z: 
o 

U_u_ 

z 
< 

z 

UJ 

> 
< 
-J 
UJ 

o 

UJ 

or 

00 

i- 

** 
•»?•* 
**■ 
*-K 
** 
** 
** 
*# 
** 
** 
*•* 

00  a: 

i-hLL 

0000 
•-•UJ 

t-z 
<•- 

00  Z5 

a 

U« 

> 
< 
OO 

z 

»— * 

00 

X 

I- 
0 

i-iUJ*-) 

-J 
-J 

■fe 
O0 

z 

D 

or 

z 

Q 

s: 

X 

UJ 

IH 

** 

tuar 

*# 

z 

UJ 

v» 

Z 

V* 

•» 

z 

••   •» 

*  * 

XCD 

■r  -k 

UJ 

s: 

LL 

X 

< 

> 

r-l 

•-« 

QUI 

## 

(-3 

*  * 

_i 

f-«-<UJXUJLL 

X 

X 

or 

*- 

* 

o 

*:z 

** 

00 

*# 

a-t-or  •>; 

Zh-i 

•h 

#<• 

1- 

Z 

*» 

z 

•~<£K 

*•* 

00 

*  •}*• 

0 

<ZUH' 

DDa 

r-1 

0 

uj 

or 

< 

>-z 

i 

>-artu 

•£*■ 

U42 

*  -* 

1-^2  »■ 

*«-w-»— < 

»- 

3 

UJ 

o 

UJ 

-j»-i 

-JI-UJ 

•#* 

H-< 

ii  * 

00 

t-t 

oox^-,  +  x>ct: 

+ 

h- 

_ i 

LL 

s: 

-iO 

o 

_J«ft_J 

#* 

<ror 

*  * 

Ul 

»» 

WXWIiiX    •>- 

O 

«ft- 

Q. 

UL 

v» 

<-3 

UJ 

<XLL 

#-* 

_JH- 

** 

or 

■■ 

X   »-XZ 

►  CD    « 

S 

X 

0 

* 

UJ 

> 

h-    • 

_J 

I— X    ► 

** 

Z)or 

** 

0 

•« 

xr-xoco 

i— 

X 

0 

o 

»-« 

•Si-* 

2-0 

*  # 

1— 

-J 

< 

«t. 

*# 

DLL 

#* 

00 

*r 

Ul 

u_ 

UJ 

** 

0 

** 

UJ 

UJ 

UJ 

0 

OT 

o 

Dor 

=?    or 

*# 

oyj 

#* 

a. 

UJ 

3 

_J 

ZD 

z. 

UJ 

< 

UJ 

-Juj 

>- 

-JUJUJ 

*■* 

<I 

** 

0 

1- 

Ul      UJ-J 

_J 

-J 

v~ 1 

UL 

a. 

o 

<u_ 

-J 

<<_>LL 

*'••* 

h- 

*-^ 

0 

< 

OZu<2< 

<a: 

UJ 

1— 

co 

z 

>00 

2: 

>Zo0 

*-•* 

z 

** 

_j 

or 

ZCTZ>0> 

> 

< 

Z 

_j 

x. 

< 

UJZ 

o 

i^U<Z 

** 

00 

*  ^f 

UJ 

<£•— "^jtAJi 

►^UjQ. 

UJ 

h- 

_l 

< 

»-i 

or 

> 

X 

o 

a:>>< 

**. 

•->^ 

*^- 

00 

z 

>uo>>oo>c 

> 

00 

_^ 

OT 

« 

< 

o 

<ror 

z 

«DC< 

*# 

1- 

#  ^ 

•— 1 

UJ 

O  000  "'too  <•(_-> 

«r 

UJ 

CD 

K 

u 

2: 

< 

00  (_ 

< 

s:^<i- 

■*•* 

L,^t~ 

*  «■ 

X 

0 

<«<1/)<1.V)_J 

v/j 

h- 

<X 

cc 

_j 

< 
u 
or 

oc 

> 
< 

a 

or 

** 
#* 
** 
** 

00  UJ 

00 
00 

•~*Uj 

*  X 

K 

a. 
»-• 

or 

K 

*  *  #      *      -K  •* 

i        *  *  *              *  *  #  •* 

l-< 

**«•**■»( 

•    *  •* 

•M 

■      * 

•       ** 

89 


00 

LU 

CL 
L" 


LU 

-J 
CO 

< 

a: 

<. 
> 

UJ 

< 
-1 
Z> 
CO 

<l 
I- 


<: 

Q 

i- 

Q 

<t 

< 

Q 

t-i 

V* 

X 

4ft 

*■ 

i-*i-t> 

X 

>»-«^x 

».  ••  »hX 

••  •• 

••   »C\I  +  +  <\J 

•.  •» 

ir\f-n<vJro*  rH(\iQ-<\iU^ 

UJ 

\~ 

2Z22<Z2UZ 

•-H 1-4  I— 1 1-1  ~Z>  »— >  K- 1 1—  t— >  Q. 

I/)  on  i/)  (/I  cD  00  °°  00  i/)  O 
to  oo  oo  oo  <  oo  oo  u  J  oo  O 
<.  <  <!<£  h-  <*  <  H-  O-  -J 


X         3: 

X         Z 

x       o 


*** 


* 

* 

* 

* 

>- 

* 

* 

O 

h- 

* 

* 

LU 

1— 1 

* 

* 

2> 

_J 

* 

* 

<S 

t— 1 

* 

* 

LU 

00 

O 

* 

* 

Z 

< 

* 

* 

1— 1 

LU 

LL 

* 

* 

-J 

CD 

* 

* 

LU 

J* 

* 

* 

O. 

Cj 

a: 

1- 

* 

* 

»— t 

K 

O 

LU 

* 

* 

Q. 

S 

LU 

* 

* 

00 

LU 

_J 

* 

LU 

* 

Z 

1- 

a: 

U. 

* 

oC 

* 

»-» 

Z 

* 

UJ 

* 

»-t 

LU 

UJ 

* 

X 

* 

00 

O 

X 

X 

* 

* 

LU 

O 

h- 

1— 

* 

0 

* 

Z 

* 

UJ 

* 

i~i 

< 

LL 

LL 

* 

z 

* 

O 

H- 

O 

O 

* 

t-H 

* 

Z 

<t 

* 

<t 

* 

LU 

O 

>- 

>- 

* 

\- 

* 

1- 

H- 

* 

z 

* 

U. 

LL 

1— 1 

1— t 

* 

0 

* 

O 

O 

< 

< 

* 
* 

0 

* 
* 

• 

• 

a. 

a. 

* 

LU 

* 

O 

O 

< 

< 

* 

cc 

* 

z 

Z 

0 

0 

* 
* 

* 
* 
* 

< 

2: 
a: 
O 

* 
* 
* 
* 

* 

00 

* 

LL 

* 

H 

z 

* 

* 

00 

_l 

ID 

-if 

0 

* 

LU 

0 

C£ 

* 

z 

* 

OC 

0 

z 

* 

t-t 

* 

UJ 

CL 

**0 

* 

3: 

* 

y- 

*fl-»-tXr-« 

* 

0 

* 

z 

Oyxs 

* 

—I 

* 

*-i 

1  +  tf  crcg 

* 

_J 

O 

* 

X 

-JL'jL"-»  ' 

^ 

* 

0 

<r 

* 

LL 

• 

02: 5.  or  a: 

* 

UL 

• 

* 

O 

f-t 

OHHt-ti.ii 

UJ 

* 

i-i 

* 

^ 

O-KI-CLCL 

* 

LU 

•> 

* 

00 

■i 

zzzoo 

■K 

X 

0 

# 

LU 

K 

**n»4#«*v* 

0 

* 

\~ 

•> 

* 

Z> 

2T 

mii 

<\J 

* 

CO 

* 

_J 

MH 

xxxxx>t 

1-1 

* 

U- 

* 

* 

<L 

* 

<_' 

* 

> 

* 

* 

UJ 

LULU 

LU 

* 

00 

* 

> 

Dt- 

LULU  U-i_|  111 

* 

LU 

* 

<t 

_J< 

— J_i— Jco_Ji\j 

LU 

* 

_J 

•*• 

00 

<Z 

COCOCG^i 

□DO 

O 

■a- 

CO 

* 

>•"-• 

<J<£<tt-r 

« 

<t 

* 

< 

LU 

* 

z 

it.ujs: 

H-tt-tt-HCL1 

«a 

CC 

* 

\- 

-J 

* 

l-l 

a->o: 

ctiQ'.a:<cr:o 

O 

* 

CO 

* 

< 

«LU 

«*CXH- 

1- 

* 

r-\ 

<l 

* 

y- 

21 001— 

>>>U->00 

00 

* 

<M 

H 

* 

LU 

* 

rH 

* 

CC 

-J 

LL 

<tl~ 

0 

> 

* 

■-H 

* 

_J 

U.01—  a:Z< 

<IC 

* 

* 

♦-H 

MD«<'«m. 

z 

* 

* 

X. 

D<aj;iu 

* 

* 

oos: 

* 

* 

*** 

*     ********* 

•          1 

********** 

90 


00 

Ui 

a. 

)U 

H 

2 

(— < 

OO 

LL 

UJ 

o 

ID 

_J 

00 

< 

u 

> 

•— I 

U! 

J- 

> 

to 

< 

*-* 

OO 

1— 

< 

1- 

1- 

z> 

V) 

o 

or 


LU 


3 


o    o 

o 

o 

o 

o 

O 

o 

c 

CVJ      CVJ 

<\J 

CO 

(\1 

CM 

CM 

CVJ 

CVJ 

I      X 

X 

X 

X 

X 

X 

X 

X 

X     x 

1     1 

X 

1 

X 

X 

X 

X 

X 

X 

>fr 

1 

1 

1— t 

i-H 

1 

r-i 

1 

1 
1— 1 

1 

i-H 

y- 

>j-    ••CVJ 

X      X 

X 

X 

X 

X 

X 

X 

X 

i— mx 

X     x 

X 

X 

X 

X 

X 

X 

X 

►h- X 

•>        • 

o    o 

o 

•* 

o 

o 

o 

o 

o 

o 

ro  •»  • 

o    o 

o 

o 

o 

o 

o 

o 

o 

►H-X 

in     in 

in 

m 

in 

in 

in 

in 

in 

r^'VX 

CVJ       CVJ 

C\J 

CVJ 

CVJ 

CVJ 

cvj 

cvj 

cvj 

\—  O"^ 

xo.xaxo.xaxQ  XQ.xaxo.x 

^vCVjO 

'^|2lZl2lZ|2|2 

•izi 

«— IrHCVj 

fH    ••?-» 

•*t-l     »>r-i    *r-»     "cH 

"i— t  »•— <  »i— i 

1      1      1 

Xr-HX^XrHXf-HX^-lX^HXr-IXrHXrH 

1      •      1 
W-ir-iT-i 

t-of.t-aih-och-oa-ccy-aiy-cn-c^.^  ct*- 
o:<.a:<rQr:<Q:<a:<CcL<Q:<a'<<Q:<ta: 

<Uil<UJ<ltij*lU;<li.<Lu<Il»J<:|L;j<L!J< 


lOUWuWoWOWUViu^u^UWUW) 


Ul 


00 


ex 


acxacaro 
q:ll  u_u.uj 


*** 


cvj  o% 


** 

** 

** 

■*■* 

■fc* 

** 

**■ 

** 

■R-* 

** 

»* 

*# 

** 

** 

♦  # 

** 

#* 

** 

*-» 

#•* 

** 

■**• 

** 

*■* 

#*■ 

*# 

** 

## 

^ 

*# 

*•* 

O 

** 

*# 

in 

*# 

** 

r-i 

** 

*# 

II 

** 

*  * 

o 

** 

*■»> 

o 

#* 

#* 

• 

*■* 

*  * 

2 

** 

#*• 

o 

** 

** 

•— • 

** 

** 

o 

*# 

*•* 

UJ 

*# 

** 

cc 

*•* 

•Jf* 

•» 

■*# 

#-»c 

2 

** 

*# 

UJ 

** 

:*: 

V,  * 

> 

*•* 

oo 

•*!  -K- 

UJ 

*•* 

•— • 

*  W 

II 

** 

o 

*■* 

o 

** 

*  * 

o 

*m 

*# 

UJ 

•X  * 

• 

o 

** 

X 

■){•  ^t 

Q 

o 

## 

H- 

*4. 

z 

ro 

*■* 

#* 

o 

«_ 

** 

s: 

#  *: 

o 

o 

** 

o 

** 

^ 

*■* 

cc 

*^ 

2 

»^~. 

#* 

u_ 

** 

UJ 

'-O 

*« 

** 

> 

oo 

*# 

<r 

*# 

M.I 

oo> 

** 

h- 

** 

II 

row- 

** 

<t 

•*-»? 

*: 

—'JJU 

■Jr-K 

o 

*# 

2 

CO    •• 

** 

** 

►-« 

—^ 

*  # 

oo 

** 

_J 

•Nj— 

*# 

OO 

** 

• 

^^       •» 

■H •* 

a. 

*■» 

O 

oo 

•K  * 

O 

*  -^ 

2 

OOHO 

## 

** 

O 

cc\&      o 

*  ■& 

00 

#* 

O 

w^,»  pr. 

**■ 

c 

■^•»c 

•»4«. 

<iQS   » 

** 

<c 

** 

Q. 

r-t 

*■# 

tu 

** 

OOZZU!" 

•** 

Q£ 

*# 

JQODZhO 

•*  * 

)^* 

o 

•—!»-<  O               • 

**• 

2 

** 

h-  20000^,-hO 

*•* 

O 

** 

Q:hZ2         rH    II 

•fr* 

•— i 

*# 

O00l'JLiJ<ir-<-" 

** 

\~ 

#•« 

ll>-5"2:i-    •-« 

•*# 

o 

*-K 

Whm«Ow 

*# 

UJ 

* * 

o  • 

DOua< 

** 

to 

** 

?ut— 

** 

#* 

xct: 

** 

oo 

•^■?«- 

U'O 

*•* 

r-i 

■Tr,V 

LL 

** 

X 

## 

*v>v 

*# 

h- 

•K-* 

V.»s 

91 


I" 


ii 
ii 

00 

on 


00 

- 

IU 

o 

•».«•"• 

^■»*^ 

*-*<J> 

XXi 

**: 

-Jll 

WW 

ww 

00  II 

«— 

oo 

oo 

• 

CL 

UJ> 

o 

•   •> 

»— i 

CO 

•>  ■> 

2T  LU 

*m.~+ 

M 

X 

,».  — 

i-hQ 

•» 

*- 

** 

00 

X 

** 

1—    • 

—. 

<~t 

»_i-n- 

m 

«.■■.!« 

—•      O 

^» 

C0-~O 

«— 

CDOD 

UJ 

<\j 

CD  CD 

LLl- 

zo 

o 

<J> 

X 

oooo 

o 

►.-0 

o 

•    *• 

< 

X 

►     »• 

OO 

251      H 

O^ 

o 

■i 

««■« 

Q. 

■1 

— .— . 

a 

^>»-«O0(: 

•>  • 

»» 

<t    uu 

-5 

CM 

-»— » 

^i^ 

T-* 

** 

UJ 

Ql-'I— ^< 

CDO 

CD 

•■ 

-3 

i-hco 

ww 

00 

X 

ww 

1- 

ZZHf- 

z 

•-— -  » 

c 

>»—   • 

<<t 

00 

X 

« 

UJ 

XxX^ 

►     CD 

•* 

z 

«^ 

1- 

cCt-< 

a. 

s: 

<UJ  || 

Z«— » 

o 

CM 

~ 

o 

-— 

«— • 

<r 

"'**»»  ^« 

0C  II 

<c 

cd«4-v. 

o 

o 

»LL 

o 

o 

o 

o: 

OoOO 

-<tz 

■"-»         •>« 

>o 

o 

—  <M 

u 

U- 

o 

o 

<i 

oooo 

LH      < 

•» 

•i 

11 

t-l    •• 

nO 

o 

vO 

vO 

Q. 

vOvO^OO 

21O0UJ 

D      O 

Q 

■ — 

>~o 

II 

II 

II 

II  II  II  II 

►hi-s: 

o 

<->OH 

z— 

LU 

<c  • 

Q 

00 

Cs 

o 

i— 

DCQQ 

1-2 

<M 

mz^ 

WnZ 

inmz 

1— 

z 

Z2 

z> 

zzzz 

ZLU 

rH 

OCww. 

•<a 

-~u_r^iuj-~ 

o 

LU 

HU*- 

a. 

Luyj(jL»uj 

w^: 

w 

<osoo * 

z 

o  - 

•*  •>© 

ui 

•> 

vO  »o 

2T 

•  •>  »  • 

=>< 

iu           <ox 

• 

NXhOn 

u_ 

o 

r-ocsj 

♦— • 

»-<,-«  rHr-t 

DC  II 

Q 

ZZZUHi 

;hojg 

•-rH   II  C\J     » 

IL 

cvj 

II  CVJ    ► 

CVJ  CVJ  CVJ  CVJ 

OOL" 

tor  ii 

<l 

hcozq:  •*- 

u:oino^*-5i  •«ouj 

•U 

» 

s*r.  *vom 

Q 

»    ^   ^   • 

•   »ZD 

UJ<   • 

L^S 

I-hhOi 

J>fr 

•irocr1 

<J-w3 

<r 

vt-3 

< 

^->t<>"<" 

ooz 

cc    o 

CC 

D  oo  oo  Z  q.  *■*  V-  ~5 

zwkct^    z 

UJ 

«■» 

cow     z 

l«» 

— "— •*^*»- 

II  «*-• 

oz 

ozz 

< 

- jOh >    <rcr     u;h-i 

> 

0>      LUt-. 

a: 

-~— I- 

_JZ 

-IO- 

gth  ii!<i_iCi^r 

wf-i-cs:^Qht- 

a 

Q 

O'QI-H 

DODO 

»-i^-<Z 

-Ji-UU 

— ic?o 

cuxxK-Kto- 

z<a: 

<fZ 

2T 

< 

<r*-«2: 

3 

«a<a:<i<t 

wwC 

<l_J_J 

<ty-~z 

r?t-^»-H<r<;!vau_CL'CJUJOCiu:o:c; 

tu 

LU 

OLUQCO 

O 

U_U.(JV!-U 

CDOU 

<J_JC0 

(JtSHfJ 

WQQUljaU- 

Mucaii-Ooc^u 

(X 

a: 

occsu 

z 

ctctc^cf 

« 

.-< 

oi- 

o 

IT 

CO 

t-i 

o 

i 

O      CM 

tr> 

V" 

rH 

oo 

O 
CM 

QP 

iX~ 

uuuuu 


uou    o 


ooo 


92 


a: 

< 

1- 

K 

v> 

OC 

•• 

< 

0 

H 

z 

l/) 

•— • 

X 

•> 

»• 

O 

LU 

z 

•• 

l-H 

Q 

X 

•• 
U 

•> 

•> 

oo 

z 

CD 

oz 

Xoo 

•» 

z<t 

efz 

— •< 

<.aL 

oo 

Z< 

»      •> 

alh- 

cc 

Xqc 

•Z 

tu 

H 

U'X 

*»— ■ 

H- 

*     ** 

_JOC 

oo 

L'J 

2:   «co 

•~<Z 

oo 

2. 

MQ     • 

LLX 

oo 

< 

»~ZO 

1    * 

II  II 

OC 

Z<rH 

LL  fit 

DO 

< 

Xq^LL 

cz 

zz 

a. 

>*- 

1  •-. 

LUUJ 

«—— »   ». 

-~Qt- 

•   ♦• 

h- 

HHXZOZZ 

f-Hl-l 

X 

(NCvJ^t^- 

iOIUw 

(M(\l 

a. 

►•  *^nh-r-     2: 

•    •• 

z 

OvD^z 

!    *m    l— « 

>fr>* 

►-i 

ww      XvO^_J 

«»-w 

1 —  n 

WHUZ 

i"  j 

iuu  <u. 

iUJ<      oc 

QO 

r- 

»-|— 2T2: 

i-^-jr 

<<l 

*— i 

»— 1  t-t  OCt- 

i*-"CC-JI— 0 

UiUM 

a: 

Ct  ocot— 0:0  <tu  -z 

cccc 

^ 

S?li-22U.Otl,J 

1-4 

ro 

00 

00 

or- 

000 


** 

»# 

UJ 

*# 

Q 

.*■«• 

> 

•^ 

•> 

■ft* 

UJ 

** 

0 

T-i 

* 

** 

oC 

** 

CO 

*~ 

•* 

-j 

** 

•-H 

** 

<t 

>r 

M 

LU      — 

** 

3 

** 

■w 

• 

>     m 

** 

O 

*■* 

0 

M 

>v 

UJ        • 

*# 

UJ 

** 

UJ 

•> 

• 

_i    r- 

*# 

a: 

** 

t- 

«■» 

e« 

•      LL 

** 

*tt 

13 

>t 

o> 

LL         ► 

»?* 

00 

#* 

ex. 

•k 

0^ 

—  2      X 

** 

UJ 

*# 

5: 

UJ 

V 

-  O     m 

** 

2 

** 

0 

2: 

>^ 

DU      t-H 

** 

»— • 

** 

0 

»-l 

— 

UJ              •* 

** 

0 

♦  * 

K 

>t 

ocfre     m 

** 

Z 

*■» 

00 

Z 

— ' 

»-iin      • 

** 

LU 

#* 

LU 

^^ 

CO 

xco     h- 

*# 

** 

Z3 

O 

< 

O-        LL 

** 

LL 

»* 

-J 

«— .   »- 

_J 

UJ    ►        •• 

** 

O 

** 

< 

Q.— 

» 

OCX      X 

** 

** 

> 

O0U! 

V 

>r     m 

** 

• 

^■K 

••S 

• 

00     »        rH 

** 

O 

** 

X 

OH 

M 

UJ»  —  •> 

** 

z 

** 

r- 

Zh 

in 

2jsm 

** 

*# 

•— • 

hZ 

0> 

i-flM**.   • 

** 

UJ 

** 

S 

1— '«-' 

•  -s. 

C5>"v.r- 

** 

X 

** 

•>i»i 

^sfO 

ZU-i    "LL 

** 

K 

** 

> 

_)3: 

— .ro 

UJ_J-     •■ 

*  X 

#* 

_i 

O  ► 

mm 

•  _JX 

** 

QC 

#* 

-J 

»»**— 

•w       • 

LLLLUjm 

** 

O 

** 

< 

OUJ 

cc^ 

OZ>n 

#* 

LL 

#* 

0 

-21 

<"v 

OUJ  •» 

O 

** 

#* 

t—4 

00  M 

_1-^ 

ecu— im 

O 

** 

00 

** 

H 

H- 

•>t 

UJ       •  • 

•— t 

*  * 

1— 

*;■# 

< 

xz 

^.w 

cofreu-i^- 

a. 

*# 

•—1 

*  <K' 

SI 

+»^* 

-  M 

2:in^uL 

UJ 

** 

2: 

*# 

O 

it-l 

&*   •> 

xr-o  ► 

0. 

** 

H-t 

-M--K 

h- 

30 

ins 

z-  ux 

**• 

_J 

#■•»• 

3 

•»   »• 

com 

-    *    -0 

UJ 

#* 

*•« 

< 

00— 

-  ** 

•x&$  ► 

21 

** 

UJ 

**- 

ZUJ 

^0 

x>tcr  m 

t— « 

#* 

0 

#* 

O 

X2I 

«■•«  • 

t-H  •>ox    • 

1— 

#* 

z 

»* 

U.I 

(X*-" 

CNJr-l 

m-  -  r~ 

*■» 

UJ 

** 

_J 

►h- 

w*V 

•  iu  nj_ 

X 

** 

a 

** 

_l 

U4Z 

co^ 

-  ox  ► 

O 

*•«■ 

•— i 

*  K- 

<t 

2IW 

<tm 

— <r>j-x 

<e 

** 

LL 

** 

O 

•-•CO 

-j— 

x.cc  "in 

UJ 

*■£ 

z 

** 

1-  - 

s      *m 

3MI.      • 

#* 

0 

** 

00 

z^ 

»           >v     •> 

->JO 

oc 

fc* 

0 

** 

*-* 

wiu 

•   V. 

UJ<tUJ    • 

c 

## 

*■# 

2: 

-~fr?-4- 

2T-  >0 

LL 

«# 

OO 

*# 

SL 

2T»-< 

(\jino 

►H    ►LULL 

** 

LU 

*# 

»— « 

»-i|- 

^r-  • 

K-X-l   • 

00 

## 

h- 

** 

_l 

_JZ 

»     —^»    !_| 

(NJ    »X 

• 

** 

x 

ir< 

O 

O-^ 

SU-SS. 

•  t-iixnj 

_J 

*■*{ 

a. 

«•* 

X- 

~     ,J~*<~. 

»    r     »-2    • 

• 

*# 

2: 

** 

U) 

UJ      nJ-LU|— f-tC\JCO»   -  0- 

0 

»* 

CJ 

*-X 

z 

zz- 

-_Jt-l—  -<H        t_) 

• 

tt* 

0 

*4; 

»-1 

»-iOcOCO|—  cf)NO«    •         - 

X 

«.* 

** 

h- 

t—»-'«:    <  •*" 

^w«-'W— 

** 

z 

*# 

X) 

r><^  — J— '  co  -j^v  i—  1—  i—  in  i— 

UJ 

## 

u 

■Jt* 

O 

oz 

^     r^«<^< 

K 

*# 

*-* 

## 

cc 

oc:lu_j-j_j<voS"x2:-  2 

< 

•*•* 

H 

*•* 

CO 

CD2"<<i:<tt—    •CT-CCCC     -C£ 

_l 

** 

O 

** 

Xi 

3MH:U-itU<OCJGOXC 

X 

** 

UJ 

** 

00 

00  0  ar  0:  or  0  ^.  u.  ll  u- -^  u_ 

O 

** 

00 

** 

0 

O 

-J 

** 

** 

t^m-4-     in 

< 

** 

00 

*i< 

f-ltH       t-H 

O 

** 

1— 1 

*■« 

tt* 

X 

** 

** 

1— 

*  -fc         0            0 

OO 

93 


♦  * 

—  ** 

H  »* 

00  —  ** 

<  UI  ■** 

-J  ^  ♦  * 

r-»  r-  ** 

in  •  ** 

r-l  eH  *  # 

H  ** 

•>  •  ## 

CM  «~                    .  ** 

Sj"  «* 

r-«  •  *# 

CO          *•  r-l  #■* 

HO  —  ** 

*■*      ►  o  #* 

z     m  •  #* 

M       rH  —  ## 

_>         •"  CO  ** 

o  ►  #  * 

•     -  ->  ** 

u         •  —- -  *  * 

z    m  ua  *■*■ 

o  »oo  #•* 

u    uj  —  •>  *■* 

_J  <\IO  *  * 

U.      I-  -z  #* 

O        rl  r-tr-4  #  # 

—  r-  ~H-  ## 
OO                                                                      (/)         •>  O   *  "H* 

Z                                               h     ui  '«o  #* 

D                                               -I    _j  —  •  #* 

CC                                                               O      CD  -""O  #* 

*-                                             oo    <  •  *•  *# 

h-                                           or  —  r-  *•# 

cc                                                  o  of*-  *  # 

O                                                           H        ►•  -c  *K 

oo                                                        O     Z  ~  •  *# 

"■»»                                                                  «!•»•-•«  •*# 

—  Q.  ^  >— UJ  *.£ 
»-*  O  jP  XI  ** 
•—  Z  O  ►  ••-«  ■*•* 
OO  »-h  h-  -J  -~r-  #•« 
■K  »-  O  hZ  *# 
-~           -ft       U!                                         Ui  w   -  «* 

Ut-5      UJ~      _i                                         Z      UJ  i<iCVJ  #* 

5Iw      2Tr-i      (—      «-)                UJ           *-*      51  Jrl  ## 

»-«INj         r-*w        H          ||pj(Vl        f.                )_         »-H  w     •  ^^. 

I-+       I-*      h-      Z  II    II -»»-««      3      J-  — —- >   -  *■* 

z—     Z-£            —  i£Z-oi—  "*3     O     z  m>rmo  ##■ 

^-     *•♦_           ».  |          -—4-rH~.-._-Z     •»       QC        w  ,_«,_|,-I»-.  ^(.^. 

r-f  II  Xaj  II  C>O0    »HO    •    •  <f-4^      LM      <  UJ^OOvOoO  -ft* 

II  •— •  II  ZZ)r— •   |   1 — LO  II  f'"! — t — I  H  C_>       00       Q-  3*-"*«-«— O  *  * 

"->     *-Z      II  _j-—5  »oo  II  •- II      =)     o  z             oz  •*•# 

-?r-i(\j— -3        -7  •  »ui    — -    o  »-iu<u:u»    ct:  ^f* 

>om  «>Hr-tMwocow --5-o_jh-i-.    x     _i  i —  i —  i — i —  — » ^^>  ## 

»-<Z      »-U4<l          >— _,CD      ^       I       _j  Z^t-Ht-^-Jf-O  *4J. 

00^00^an>cu  u.  u.<D  j     Z     <i  oaroict^-U^Z  ■«•){• 

ir»vO    fMO                         r-  oo  *« 

a-  ** 

#■£ 


00 

■K  -fr 

O      K 

*  * 

Uj      00 

*•-* 

O0i/)C 

•X  -If 

<00O 

**- 

ia 

*# 

O^UJ 

** 

en     u 

** 

ZlUlr-l 

** 

0-X_| 

■H-* 

1— 

*••«- 

ui    or 

*■-* 

co>-< 

*•* 

CDuj 

** 

Q      > 

** 

_|Q 

*# 

Z)tU>- 

*•«• 

OXK 

** 

Xooz 

4r* 

00r-<UJ 

** 

Z3 

## 

h-ctf- 

** 

<r) 

*^ 

XULUj 

#-^ 

1-      X 

•K  * 

<H- 

•«* 

00  r- 

•«f* 

UJ<Q 

^■5t 

ZO-J 

** 

M         UJ 

*•* 

Op;j»-i 

•»{■«• 

ZI>- 

** 

Uif- 

** 

O 

*•«• 

H-5TI- 

** 

OD 

^* 

cc>~ 

^•R 

a:u_z> 

^  * 

UI      CD 

•**■*. 

CD_J 

*  * 

2IU(00 

** 

Z)>HH 

*  * 

ZyuX 

** 

_ll- 

** 

Ul 

** 

Xujl- 

*  # 

K-03 

•Jf^- 

zo 

*  -K 

oo  uu 

*■# 

u'ooo 

*  * 

H-rlH 

*# 

3LUO0 

*•?<• 

O-ZO 

•M-* 

?ou 

** 

oo 

*  « 

o    z 

** 

U.U! 

** 

h-OX 

*  X 

oo     i- 

*-K 

oz 

*-K 

OOl- 

*•«• 

r-tt— 1 

*# 

Ull— 

•** 

zu 

**i- 

r-lZ     • 

*-x 

HD£ 

** 

Da< 

4T-X- 

O       CC 

*•«■ 

ot<CD 

** 

CO      O 

•«  ^c 

IP  00  cc 

#* 

O0<Q. 

** 

94 


UJ 

I- 

UK 

y-a: 

ocy- 

oo  , 
i-o 
.-.       oo<_> 
^       o 

h-  Z 

to        o*-« 
o       20 

<  JIS  — 
••          O  1  1— 1  ■ 

—          Ill-  00 

•4-           I  *-*  cC 

w           1  oi-  < 

I-        q:3oc:  _j 

00         x     <  -i                                                                                                                    — 

o        o    »-  o                                                                                                          -« 

X                     »00  Q                                                                                                                                                                          -5 

<  UJ  •» 
••               •+-    I  U_                                                                                                                                                                          •-! 

— —             00<   I  O                                                                                                                                                                          *- 

I-4-            ZC^H  -I 

00^-— »     <     00  00                                                                                                                                O 

H— O     IU>-  2!                                                                                                                                O 

>-*ooc\j    2:2:  o                                                                                                  Q- 

►a:  00     u.o-~  _j                                                                                                      x 

l-HCLt—       0000  _J                                                                                                                                                                t-l 

o<»-*        00:*  •-«                                                                                                      u_ 

Z>    -Z       >-t— iliU  5:                                                                                                                                                                »-H 

• — ZD      <t_)UJ 

<^"    •■     CC  I  3!  2 

•w—.     a:  I  —  *-* 

2:*—  o    «oo  uj 

••oorvj      1     H-  00    5: 

Q^O'-'       I    »«Z  I-     m 

la:u     _i_iim  00     h- 

odi     002:  o                      -4-        in 

•"<>-      COlii  O      H- 

-l  *K      Q.CL(X  ct                    DO 

O—   ►               O  _J      <                    I-           I- 

0>t—      U!ZZ  _l      h- 

CX.   »0      CL»-<h-i  <      00                    CJ           tJ 

^-Zog     <  -                           OO 

}——'*-'        ooui  •>    a^ 

00_j0     wZZ  o     ui                 —         — 

00°-      »-"<•-<  — "4"      D                   O            •            • 

00>-     ZTH'I—  r-<|—     z:                    •   •ir\(\i          cvjnJ- 

q.*-      ULJ3E  t~*   -     uj                   O'-^OiT'          m  * 

UJ                21      U-  iH*        _J                CM    •+     •    •           >^»-H 

ZZZ        DILO  r-4t-t        <                     tnf-^rHl—               ^  || 

HOD      OO  •—       O      O       I  —)•-•-«•— J          »-h-5      <© 

I — »— 1»— «      c£      X  \0«—                  •      <t    •!— »— 1   «CM      \—           \—    «oO 

r>oooo    <a:i—  ^(-    yj    r\ji--v-<tooo<    i--u  o»-<ooo  •  • 

ozz       ujcr  uji<c    2:     11  ooooh-  ii  31—  ow<ou  11  1100 

aiiuiM    Occz:  »—  2:     *-*     2:11  11  002:  11  001— 11  ^-crrrujoo  11  11 

092:2c     z^un  t-ta:     5:     h<(<whh«    <tn      11  s- 1 —  <_>o 

c>»— »_,     »-H3_,  ^q     ^     (_(_ ,_ u_(~ou  ct-<cui-<zia- 

WQO      _JZ  I  2UL      UI      ooo-»oOHHOo;DH-«e3ooa:COI— ID^^- 
.J  I     I  H 

<|H  .-i      l»J                 CM                            *frlT* 

UZI-  r-t        O 


>t           II 

.-h          LU 

M 

O           >-» 

»_            00 

l-« 

OH 

CJ+        - 

^»«"^»— ■ 

«—.**•—  "J 

0~3~5    ** 

•   •    •*»-« 

_J 

ir>mtno^ 

Or-<'-<'" 

UJ 

r-cooo 

•  »->-'_) 

> 

1 11 

OjjO 

<JH~> 

UJ 

_j_j-J_j 

mooo 

=>r> 

-J 

UOUu 

•00a 

** 

•-«•— •»— «l — 1 

~D_CL    • 

ivii-i     •— 

UJ 

-5^«IU 

IviM       00 

0 

wwwo 

-X(_0 

t-t»-<iL'U> 

z 

i-H(\lcO*t' 

r— l»-H^     • 

OOoO^lX 

UJ 

•   •  •  • 

*-LL  •— 1 I*- 

1         (HMuD 

a 

cooo 

Jh<Ohc  II    II  OOO- 

»— 1 

UjlMUKJJ 

0  II  II  0 

II 1— K«-< 

LL 

•    •    •    • 

Oijj— Ja.ot'jo0(/)  11  11 

z 

-J~3~7-5 

a.  m  0 1—  1—  m  (_>  0  00 

0 

»^«— •w.^^r- IwMO^ 

•-HC^Cil~CJ 

0 

U-U_U_LL  1 

1  LLO0Q.LuCIO0^)Q.ZCL 

MWMMy,-.M|-MC 

»t-*Q-OU>- 

H- 

iu 

St-rH 

co 

•-HrH 

95 


o 
o 

CL  UJ 

^  rsi 

x  *->                                                                                                oo 

»~l  oo                                                                                                  I— 
U-                                                                                                                                               oo 

»-•  _j                                                                                                           o 

II  o                                                                                                  o 

Ul  o 

M  CL                                                                                                                                                               O 

•-•  z 

-5  O                                                                                                                                                   Q 

«•*  1U  tx                                                                                     -»                    O 

—  oo  *  a:                                                        c\j                x 

-j  <  ♦  <                                                    in 

►CO  UJ  — '  UJ                                                                                V.                      I— 
_J*-(\jOc£                                                             —                          *»UJ 

o       -jo    <\j  2:  +  _i                              cj                 >-.              s:    o-~ 

o       oi-  •-«  ^  <                              m                 h              uj    o<\j 

o-oo  ^  o                               *v                  u_              a:    «-<m 

rHCLC)      I—  LL  «- —  OO      o                                  —                          •                     o          ^ 

ll     +  «o  o  o        v.uu  «-•     m                          i-4                   •-•               z     CD""- 

O      —  UJ           O  Ul  3          *~N  IL                                            H-                         I—                    I-*      I—  t-i 

— e>-~     o  Mi-  ■*          \~  ►_             O         h-                 U.                     w                             •"" 

UJ      -3   «0  i~iOO  —I—      oOOO  U_      I—           oo                    *■                          -a                     UJ      c# 

M       .—.  •     ~  ooO  imoo     o~?  O                 O                or                    of                s:     Ooc 

»-«      »-<^»o      UJ  •-'O  no      D.    *•               C           *J>                    XI—                    X                    i-t           X 

l/V     «~*"5    •      M  I  i-<Cu      Cm'J  Z      O                                    OOO                     O                     ►—      ^O 

—>  *UJ      •-•  UiUJ  ooO-      *-M  O                    oo                    —O                    *-                             O"— 

t-l       I—       CD»-«Z       00  MOO  •-<  +        +»-H  (-4       — »            ££                        «^X                        «~                       I—          • — 

t-     Z     Ow  •     h-i  »-•<  I  h-J-H-oo  i—     eg         <                 4t  o-oo             •&                 Z     o*> 

Z+       LU      D.—J—         •  O0X  I'JoOOOoOi-h  LU      in           UJ           N      h  +  h                I—                     UJ         «h-00 

••UJ      CC      ^O~0      UJ  "DO  MOOO*-  _J         •           >      o10^00*-5^                 <f>                     &■      c?ooo 

hz    a:     xo  ••    _i  +a:  »-«ci;clcx:o  q.    uj               q.  i  ^o^^           o    m        oc    uuox 

oo«h    3    »-«a-KH      •  oo3  003Q.Q.X  2c    e>        i—     >ui»-i£x:>_  ii            or     o        3      »a:a. 

•    tMh      O      U_«— wOOUJ  I— CL  -3D-  +  C<£  O        »sf      00       112:1— 3||*-               do   »m      O      U.<3  + 

CO                             »~<|— _JC\JM  2  w  ||  <_j  ||  S  O       V](sj       <.       — »•-•   I  CL  — ^       OCCL    ••HfSj                  NQ.O 

II   II  O  II       UJ       II  ZO      t-t  3UJ  II  I— CL  I—  II                21           0l      i^K"-*  II  ^^-        ••HO-*-           UJ      HHI 

»—  I—  O          2T      UJt-OOoo  112  I— oo>oOUJ  Cf.      •-'O               w  ||  HH^oOi-ioOI-  "  UD      2T      00H  > 

<^O0.-(l!J      *-*      M<ClI-~5  oOhh  OOOIION  O      I—  H      UJ      OUi  II  OOOK  +   M    II  00oo3h-      t-      »-«0*>  || 

00     5"     3:     hh^^,    ^  (_2-  oarooit-.  u_     w        j_     arHoiH^cuut-  "         2:     ^00 

XXO»-h     cc     oouLU-OiL.  zcn  a3Q.a«^            U-O     3     >^i-i>-z  ii  xaizuo     a:     u-xx 

K-DQI—       UJ      "5mmOm  3UJ  CLCL>Qhh  |—       »-«0       CL       »—  |—  U-Q.I—  3;£>->-a.33e>      (il      •-'O 

I-  H  OO                   2T                                                                    H- 

uj                   (M  ui  UJojoo                                                 uj>troir\ 

o  «-<o  1—     c\jom  O     fvicsjoj 

000                  o    00  OOO        000                                              000 


96 


to 


O 

X 

• 
» 

0 

r*- 

*■» 

K 

m 

. 

• 

00 

• 

1- 

UJ 

O0 

00 

O 

<t 

O 

— » 

X 

v 

—  CM 

0 

•» 

_l  • 

ex 

O 

^ao 

z> 

h- 

l_)U- 

Ql 

K 

X   •>■ 

* 

•• 

>o 

• 

•■ 

h-r- 

0 

00 

•»i- 

— 

in 

K 

~-*  •• 

>*• 

H 

00 

-JCM 

»"H 

r 

O 

— »    • 

■» 

• 

O 

O00 

II 

00 

» 

ClU 

** 

OO 

•— 

1- 

*- 

>-   ► 

►H 

CX 

—» 

-J 

•— 1 

O 

l-O 

* 

< 

eg— 

UJ 

i£ 

in 

»-m 

* 

_J 

in — 

> 

Z> 

t- 

—  H- 

— ■ 

-J 

^cm     — 

Ul 

m 

•» 

_J  * 

< 

o 

<in     2: 

-J 

9" 

■i 

^0 

UJ 

ex 

o 

H-v.— '►-> 

0 

c 

00  • 

_J 

+ 

00O.2I— 

UJ 

CO 

Ul 

H--4- 

0 

•-• 

cm 

«HhW 

0 

l- 

00 

l-Hli_ 

> 

*■» 

r- 

*o0(--R 

z 

•k 

<i 

Z      ► 

0 

^■* 

O 

*  — oo# 

UJ~ 

» 

X 

DO 

*v 

r-H 

— *  -r  — 

02T 

cr 

0 

►m 

Ul 

**• 

<*  *  « 

•—•»—• 

<I 

or 

ori- 

u_ 

h- 

O 

+  . + 

U.H- 

UJ 

z> 

<  •• 

»— 1 

»-(/> 

K- 

f-«<t<tl-H 

_)Z00 

>■ 

O- 

uj^- 

_J 

OOO 

w++w(_  h- 

UOw 

m 

„ 

>^ 

oi 

00 

<—  r-4r-<^0000        H- 

*-*<J>X 

•* 

•• 

t— <  •■ 

0 

Z 

xex 

1- 

S^^VUUhW 

•— « 

0 

O 

0 

z 

+ 

CX-'               00 

00 

(--wi-otaoou 

— »     u_. 

•»H«" 

'CO 

■ —  t— it— 1 

l-H 

— 

+  +                H 

o 

wsstoDaui 

ro»  t-h 

r-ll J'l—  2  C\|f~  + 

Z 

UiUJ 

1—  (~      OOZ 

o 

UHKUQ-DID 

O  •■  +  < 

D   *-C   ■• 

-G  -ec 

t— » 

22^ 

OOoO      Q.1^ 

aroooocx  11  11  h  11 

O-  roo"  O-  hc»  <t 

< 

*-<•-• 

ou     >>-  II 

-J 

a-Oo^-^^- 11  — 

(\jC^-r\jCTf\i      1 

1  (\jom 

ST 

h-l- 

XXui  II    II  — 

_J 

DIIQ-'T'  "5 

»..     ON 

»■• 

r-»    _J    ••»    >-U.' 

UJ 

1  »- 

hD> -zC 

< 

II  QO  M  — ' — ' — 5- — 

sO^«— ! 

■O-^O-' 

\0— 'mD 

(X 

(MX 

ti  ii  z*::^*-. 

■ —  II   II  (-Hh*l- 

wf_    „. 

—  h-  «. 

'h-0*-l-  11  Z 

ini— < 

t-K^— ^^ 

1- 

KT)\~>—  00O0  00  H-  OOt- 

'U '<icr  U<ftf 

joia^u  ocoL»-i 

K 

11  u 

(/)oll-UOI- 

z 

OoOOOO<_>OooO  1  I— 2: <C I—2TI— 2:o-l— 5  «*H 

3 

LU*-1 

OOZCXI.-. 

=> 

oi  0  0  ex  <^  °^  0  X  ^  •-«  cr  ( J ' « 

N-«cir>-,oc: 

i-iqcujz: 

C) 

2"  II 

IIO>->-Z 

CD 

Q.xxa.r?Q-XQ  11 

oco>ocoo^OOOto>-c 

»-- -CL 

KCJOI-K-^ 

<_> 

UQQQ«<l<5:3lLH 

3:  U-  3  LL  O  3;  LL  ►-"  O 

H 

t-z 

00 

00 

O 

»-H 

CO 

t-4 

<f 

CM      CT^ 

O 

o 

o 

0 

O 

0 

0    or 

O 

ft 

0 

CM 

O 
CM 

0 

CM 

O      Cjv 
CM 

CM  «— 

*  i<i 

♦  w 
—  O 

<  X 

+  > 


—  o 

ex  a. 

z  >- 

*  1- 

CM  <       ^ 

in        cc    *~ 
^        +00 

— •  H        |- 

IJUI-  —  t-H 

2:00        w        Z 

H-X  — 
*Q.      I- 

a:+  00 
x— ho 
O^ooX 

— -OCL 

^k-X  — 

i?-  OOQ.-^ 

1-0+  + 

ooxi-  H 
O<roooo 
(X  II  OO 

CV^I— Q 
II  w  II   II 

00  00  00  00 
O0O0 

XXXI 

a-<l-o 


l-=? 

00  •■ 

OCX 

x< 

O-Ui 

+  >            ex 

—i-i                X 

^       CXCX       (_> 

*-"—<>-•-•  ^t- 

OCM  uZ  +  >— 1/>0 

XO>"  *cxooo   «o 

>-OmH<OIO    • 

l-CM   1     II  V   CC>-  'I  O 

II     ->?2>.>-Z}  II  — .  II 

—  vOCJ^       i^u.— 2-  — 

v-croo  11  11  21—2: 

—iij'-"ff'a:i— 'Ww 

oh-  11  o><ooe>i—  0 

Imq:     iruiwa 

>-a>o>-x>-z>- 

H2zUh>-K3I- 

000 


000 


97 


►OO 

ILO 

K- 

1- 

OO 

H-O 

O 

•» 

mo 

2:0 

*- 

C\J 

1- 

300 

• 

• 

►o 

Oh 

— • 

0 

-  Z 

UQ 

—i 

«-« 

Hr-. 

00. 

■—' 

u. 

1 

O0Q 

•— 1    • 

h- 

► 

O-J 

Qh- 

00 

vO 

uo 

•  o> 

O 

vO 

00 

X 

.h- 

X 

l~ 

0 

tu- 

O    • 

O 

•• 

a: 

oo  » 

m. 

< 

CsJ 

< 

^rH 

(-D 

• 

• 

O 

X® 

•LU 

*"» 

^4- 

OH 

-  1— 

-0 

u. 

_i 

QC    •• 

DZ 

w 

*k 

UJ 

3- 

IUX» 

h- 

in 

00 

< 

ClOO 

H-O 

00 

ir> 

< 

0 

mm 

-  H- 

zu 

O 

H- 

-J 

00 

— 

•VI 

300 

X 

•» 

>- 

CO 

>ro 

0_ 

< 

(\J 

X 

00 

r — 

CMO 

00 

• 

• 

0. 

II 

o>as- 

»— 

00- 

ac 

O 

<JL 

h- 

f-iw 

•o 

1—1  • 

X 

r-4 

oc 

r-4 

l  o 

-  2 

0—1 

0 

U_ 

0 

z 

CtX 

l-r-< 

ZOO 

• 

•• 

r> 

<>- 

zQ 

31- 

— 

O 

Ul 

•» 

UJI- 

r>_i 

•>       » 

-3 

m 

oc 

•— 

>•  * 

oo 

•»• 

w 

t- 

< 

Ul 

1-4  mm 

ui 

sl-Q 

h- 

•» 

H 

wz: 

00. 

(MUJ 

00 

CM 

♦; 

Itl 

*~ 

t— 1   . 

h-H 

O 

• 

_J 

*o 

QvO 

►Z 

CC 

O 

a 

tu 

— Q_ 

-  O 

-  Z) 

Q. 

r-i 

0 

0 

<>- 

►K 

IUO 

< 

LL 

•• 

+  H 

■4"   ► 

Ho 

» 

«• 

z 

0 

t-<  •> 

rH. 

<oo 

«-. 

•4" 

l-H 

-J 

»-•.— 

HO 

al»~> 

-) 

(M 

O0 

0 

«—2_ 

•Z 

-  O. 

— ' 

K 

> 

w 

v^w 

.  »— « 

-z 

K 

»» 

O0 

II 

h-OO 

UJQ 

vf=> 

—  00 

m 

• 

0l 

00  h- 

o-J 

t-4" 

"50 

• 

O 

oo 

KUm 

ZO 

y-  • 

WQC 

<* 

O 

1— 1 

WIZ 

LUX  — 

.v£> 

1— X> 

u_ 

V. 

0 

o>r? 

Q-   » 

-  0 

oo< 

■» 

"V» 

*» 

x  +  * 

r-4     »-O0 

-Ji— 

0  •" 

ir\ 

G. 

> — oc 

u_>tf- 

IU  * 

X< 

t-«— 

0 

s- 

+  ~3< 

Zinoo 

>• 

Q    •■ 

h-CM 

Z 

tu 

~^UJ 

OHO 

UJLU 

ir\if\ir\CT^<C— j 

•-    • 

r-H 

h- 

->»->- 

o  »0 

_JI— 

r-co^cr+o 

cmO 

2 

cd 

W(/)|—l 

•  — 

-  «r 

II     II     II     II   —  .-H 

1-4  r-4 

O 

11 

HO 

•t-_l 

-C£ 

_J_J_J_J-3 

•■LL 

i^ 

_l 

Z        r-4 

oox—. 

-«<\]00<. 

— r\j 

uuuu**^ 

O    » 

00 

_1 

00 

OOCVJ 

Ol-Oh-. 

p-ti—  i— 

Sj-H-ll-lH^t-lf— C 

n-r- 

1— t 

O 

O 

i<o 

o  »uoc  ••oo 

►                  ooo 

*.u-> 

0 

U- 

<  II  o 

O-       Ho-  O 

r-i OO 

.  1— 

a 

II  — CNJ 

Hi- MJU"    i 

H      O 

11  i-nrvim^ctcNJ 

0  • 

tu 

00 

o#.o 

-»-3    ►U'UJ 

•..00    •> 

•••    • 

"0    •    •    •    »Q-    t. 

.  (NJUJ 

00 

0 

z 

-j'-'sOz>3>o^'<i:r^NO'-'  * 

oc?oo<-o 

—    »!D 

< 

ex. 

HQH 

wH~zz 

«-t-XCT>" 

-!->*•-. 

'OUJU.iuu'MJ  II  -" 

l-OZZ 

QC 

< 

OQI 

^-OOU^^-^'-, 

i5j<toi—  u.!<in- 

0^    •    •    •    • ItU 

<r-lr-4Ct 

UJ 

0 

O      00 

OO  O » —  1 —  | —  t —  5;  ct    -\ 

—  21 1— Q  0^ -5  ~3-j -5  «jr  1— 

ZLLJ-3 

LLZX> 

OIhZZ 

hhCSTZ?-    1 

-id  »nj 

1         ^w_w.|__ 

Ct   »ZI-0 

3 

0 

>tr-HO 

XOcccoc^Gclo-xxo-  i—  ou_ll-llulc>c£  — io<-40iJ.sz 

O 

JC 

Ooo 

«2UUSIL.  r-SU.OZD'-'tHi- •".h-S^l.ll.COOQClijI 

Z 

1- 

1—  >■     rsi 

OX 

ox 

0    0 

LLOO       Cvl 

00O 

o 

r-( 

O      O 

•    •       t-H 

0T>O 

o 

0 

O      O 

OO         » 

o>cr> 

o 

i-H 

0 

t-l 

0    o> 

00    z 

oooo« 


98 


*** 

*■** 

** 

#* 

*■** 

*** 

** 

X 

** 

*** 

UJ 

*** 

** 

h- 

*# 

*** 

II- 

*•#* 

** 

t—> 

** 

*** 

»-»-i 

**  * 

*# 

X 

** 

*** 

*#* 

** 

** 

*•«    -K 

U-Z 

*♦# 

#* 

—I 

** 

*** 

(DO    • 

■*** 

*# 

O 

** 

*** 

»— IQC 

#♦* 

## 

o 

** 

*** 

1— 1-< 

*#* 

** 

Q. 

#* 

*** 

a:  a.  cd 

*«  * 

*# 

*•* 

***■ 

<o 

*#* 

*# 

LU 

*•* 

**•* 

a.     ^ 

■*•*# 

•M-* 

_J 

•»* 

**# 

iw 

■K  ■** 

»* 

CD 

#* 

*** 

hOH 

*** 

** 

< 

** 

*** 

o*-«cr: 

*#* 

** 

t- 

**• 

*** 

ziw 

**# 

** 

c 

#* 

*** 

3h 

*** 

*♦ 

QC 

** 

*** 

UJ      00 

**# 

*•* 

** 

***• 

a.o< 

»*# 

** 

UJ 

#* 

*** 

<th- 

#** 

** 

X 

#* 

*** 

UJ 

*••*«■ 

*# 

H-    • 

** 

*** 

O00_j 

*  ** 

*■«■ 

> 

** 

**■* 

Z<CQ 

■K  ■** 

*# 

ooo 

*•* 

**#- 

«*     D 

*** 

** 

Qm 

## 

**# 

QO 

*#* 

*-K 

<-l 

■*# 

*** 

QlilO 

* ;** 

** 

DO 

** 

*** 

ili-i 

#** 

*•»• 

-JO. 

*  # 

*** 

CCliiLU 

#** 

** 

*# 

*** 

►-"COX 

£>*■* 

** 

ZQ 

** 

*** 

00<K 

*  ** 

** 

0<T 

*# 

*** 

IU_J 

*•** 

*# 

HO 

** 

*** 

o    >- 

*** 

**• 

I 1 

a* 

*** 

OO  CD 

*  ** 

#* 

o 

*# 

*** 

00>-t 

#** 

** 

LUO 

*# 

*** 

<i      D 

#** 

## 

OOIU 

•K  * 

**  •*- 

2W 

■it-  *  * 

■ic* 

z 

*■* 

*** 

QCH 

#  *  * 

** 

OOhh 

*♦ 

**•* 

LUt-tO 

#*# 

** 

hS 

•** 

#** 

h-t-z 

*#* 

*■& 

la: 

** 

*** 

GCcjUJ 

*■  ** 

** 

(-UJ 

** 

**  * 

UJUJO 

*  *  * 

^* 

(- 

ic* 

**# 

00  00 

*#* 

** 

UJ 

*  * 

*#* 

Z      IU 

*  *  * 

** 

•o 

** 

*** 

•—CCCL. 

*** 

*# 

2UJ 

** 

**  # 

c<t 

*  *  4? 

*« 

Oct: 

*■*! 

*#* 

U— 5 

*  ** 

#* 

•-•o. 

*'* 

**# 

Qt<00 

■**# 

*■)?• 

h- 

** 

*#* 

<s:z 

*  *# 

•*•«■ 

a.>- 

#* 

*** 

a 

*** 

** 

oz 

** 

*#* 

cni*-« 

*  *  * 

«* 

<i 

** 

*■»*•*• 

Zuh 

#  #  # 

^* 

o 

■J?  # 

*** 

o<o 

**# 

#•«• 

<o 

#* 

#«* 

•— >UjUJ 

*#* 

## 

Of- 

*  X- 

*#* 

H      00 

*  ** 

*•# 

_J 

*  # 

*#* 

O   • 

*  *  * 

■»<* 

o 

■8-  w 

*** 

WiuOL 

*## 

** 

ccz 

** 

*  •}*•* 

0000O 

*** 

*  * 

Om 

•»  * 

*** 

-> 

■K-K* 

*# 

o 

** 

*■*  * 

Cct:< 

*  *  *• 

•)r* 

Z(X 

*•»«■ 

*** 

zmx 

*•** 

■»(•# 

<o 

** 

*** 

—tO. 

*  •»# 

** 

-Jo 

** 

**■■* 

:s 

#■** 

•fctt 

a-o 

** 

*** 

cm  • 

■K--JT* 

4f* 

< 

## 

*•#* 

— Joooo 

**# 

** 

UJ 

■>v# 

*** 

_i<U! 

■R-** 

** 

oooo 

** 

*** 

OOM 

##« 

#* 

o-iu 

*iv 

*#* 

LL       >- 

**# 

*« 

iz 

** 

*-** 

L'J_J 

#** 

■K-* 

tJK-t 

*•■«■ 

*#* 

LUO0<C 

#  *  -K- 

•ft* 

a.O 

#■« 

**  * 

X<£Z 

### 

** 

^z: 

** 

*** 

1— CG<I 

*** 

** 

O.OI 

** 

• 

a. 
o 

oo 


o 

z 

z 

3 

a: 

"3 

o 

o 

K- 

< 
o 

cc 

-J 

o 

►—I 

z 

oc 

o 

a. 

o 

o 

uj*: 

Ul 

o 

t—l 

<o 

UL 

o<i 

>— i 

_lO 

o 

_J 

UJ 

LU 

a. 

CDO 

oo 

O 

LU 

h-a: 

CO 

o 

00»-« 

r-l       t-l       rH 

1- 

ujct: 

o     o     O 

00 

ZOl 

o    o    o 

o 

t-< 

►—    • —   »— 

> 

o>- 

00      oo      oo 

z< 

m          •»         •• 

oo 

IJJ-J 

'-♦rgrvirnro-J- 

UJ 

LU 

DU'QUiDilj 

ZD 

U-Q 

<s:<5"<2: 

-J 

O 

OhOmCh 

< 

LU 

_JI— — Jh- — JH- 

> 

•21 

V)V>V»^W^ 

o_ 

linn 

O 

ZH 

xxxxxx 

z 

II   II 

•-• 

II   It 

^ 

s  : 

o 

"5^ 

_l 

£   £ 

LU      LU      UJ 

-J 

Olu 

<*J      <~)      i_> 

o 

<s: 

l-ZI-Zl-Z 

u_ 

Om 

*:  hh  <i  i-i  <i  *-  <  <j 

_ll- 

a:_j>_j>-J> 

Ul 

v»w 

<aaaoao 

X 

XX 

a-00<.o-j«s</)<i 

1- 

XX 

O 

-J 

o 

X 

******** 


99 


o    o    o    o    o    o    o 

o    o    o    o    o    o    o 

H      H      h-      I-     |~      H      <~ 

W      V)      W      W      |/)      (/)       I/) 

vi-irvir\Oor-r^cocoocr>co 

DL'jOmDlVDyDi'lOl'  Q 

<s:<5:<t2-<s<r2:<2r< 

o  n  cj  »_( o  •-•  o  *->  c_;  f_4  o  *~*  o 

»H-  — II — II — II — II — |] — 1 

niiiiiiniii 

xxxxxxxxxxxxxo 


UJ 

I- 

1U      U)     Ul     IU      uj      Ul      < 
O     o     (_>     u     o     o     z 

_J>  _l  >_!>_!  >_!>_!>  _l  CC 

aQaoQDaQQ-DO.DQ.W 

v><  oo<[  (/)<j  t/»«j  </)<i  oo  <t  v/)  ►_ 


o 

00 


UJ 

u_ 

oo 

*z 


o 
o 

1/0 


# 

* 

# 

* 

• 

* 

* 

UJ 

* 

♦ 

cc 

# 

* 

o 

# 

» 

z 

* 

a 

UJ 

•— 1 

z 

* 

* 

£ 

3 

# 

H 

# 

»-i 

> 

QC 

* 

UJ 

* 

1- 

oc 

* 

UJ 

* 

UJ 

00 

* 

_J 

* 

O 

> 

»-• 

* 

LL 

* 

z 

LU 

X 

* 

* 

»— 1 

h- 

5* 

* 

UJ 

* 

z 

1- 

X 

* 

X 

# 

za: 

oc 

a: 

X 

* 

K 

* 

3UJ 

o 

o 

* 

* 

a:  cc 

X 

LL 

a: 

z 

«■ 

O 

# 

s: 

00 

UJ 

1—1 

■* 

H 

* 

JD 

00 

H- 

*• 

* 

<Z 

00 

uu 

Z 

s: 

*• 

H 

* 

H- 

cc 

o 

3 

3 

* 

oo 

* 

CJZ 

X 

<l 

O 

00 

» 

a 

# 

I— -J 

1 

h- 

o 

* 

_i 

# 

oc 

o 

Z3 

z 

# 

* 

a: 

z 

o 

K- 

3 

* 

oo 

*» 

OH 

UJ 

3 

CC 

* 

CC 

* 

LLZ 

LL 

O 

# 

3  • 

*• 

UJ 

^ 

o 

UJ 

■K- 

o_i 

# 

o-ct: 

o 

o 

o 

* 

IO 

* 

Oq: 

UJ 

s: 

CC 

< 

* 

o 

* 

DD 

X 

3 

UJ 

—1 

* 

tua. 

♦ 

-JO 

o 

00 

rvj 

a. 

# 

z 

* 

* 

l-HUU 

■K 

» 

O-l 

■It 

* 

Z  CD 

* 

# 

LU<£ 

* 

h- 

X 

* 

h- 

•K 

z> 

-J 

*• 

■K 

U-O 

+. 

o 

< 

o 

* 

Oc£ 

* 

•» 

X 

Z 

o 

# 

* 

H- 

• 

»-i 

< 

* 

•UJ 

* 

z 

cc 

LL 

V* 

* 

ox 

* 

3 

X 

•> 

XX 

* 

Zh 

# 

X 

oio 

o 

•  X 

* 

* 

•» 

o 

►z 

*:x 

T-*      - 

* 

»uz 

* 

1— t-H 

vt 

r-tUJ 

*  ». 

s^u 

* 

x>-« 

* 

z^: 

z^*^ 

crO 

•  UJ 

# 

h- 

* 

3  ► 

in 

»->f-4 

35c: 

+  a: 

* 

(- 

* 

CL  + 

>+    -X 

O  - 

UJX 

■* 

00=) 

* 

*>U1 

<tcc  +  x 

ILQi 

UJh- 

* 

HO 

* 

>> 

ZDDX 

*»3 

tx^* 

* 

Z* 

* 

•»►- • 

«Oq  ► 

IO 

XX 

# 

2(J 

# 

l^-LL 

i-«oou_<i^- 

XLL 

h-X 

* 

OO 

* 

* 

UI- 

* 

■8- 

10 

* 

UJ 

LUUJ 

UJ 

UJUJ 

* 

O. 

* 

3 

33 

3 

33 

* 

o< 

* 

_J 

LU 

-J -J 

UJ-J 

_J-J 

* 

o 

* 

Z< 

o— 1<< 

z<c 

<< 

* 

-JO 

•K 

o> 

z 

>> 

> 

» 

* 

H 

* 

^  t-H  u '  v  <  h-  Lu  u  j  a. 

t—  UJ 

UJUJ 

# 

oo 

-t- 

a:oo>o:>oo 

>>o 

00> 

>> 

* 

t-tVi 

# 

<too<;<o?w 

«o 

HJ<t 

<<r 

■» 

ID 

* 

z:<t/)2-<i—  oooo_j 

1-00 

oooo 

* 

l-O 

* 

* 

■ir 

o 

* 

* 

LL                ,-1 

1- 

* 

* 

z          X 

3 

# 

* 

l-H                  X 

O 

* 

* 

X 

** 


*■****#•** 


100 


00 

IU 

o 

<t 

Ir- 

CL 

o 

X 

oo 

X 

t- 

oo 

t-i 

u 

o 

2 

Z) 

cc 

— 1 

LU 

oo 

< 

M 

iC 

;> 

r? 

uu 

o 

(X 

> 

h- 

< 

UL 

00 

l~ 

O 

UJ 

uu 

oo 

• 

X 

L"< 

o 

t- 

DC 

2      _J 

<L      UJ 


UL 


•» 

Z3    • 

00 

ODk 

2 

<Ioo 

r> 

l-O 

ac 

_J 

2 

X 

<A 

OoO 

X 

Z>oc 

X 

X 

OD 

X 

9> 

*h 

QCO 

X 

•» 

f-l 

UJ 

XX 

»— 1 

o 

^ 

> 

h-   1 

oo 

»-(00(\j_J 

^ 

9 

»— 1 

U4 

*»o 

X  ^X< 

•- 

+ 

UL 

UJ2 

Xin 

hIjxZ 

o 

X 

*» 

21— i 

x^ 

►XQ.X»-h 

Q 

1— 1 

X 

i-*0 

•.   •> 

+    »•«»  ^U_ 

< 

oo 

X 

1-2 

UJ 

OOi-H 

'-Hro>co  •* 

UJ 

3 

3 

oo  e> 

UJ       cC 

_ i 

-j 

-Jh- 

y—    uj 

< 

< 

UJ 

2 

22 

22<      u. 

> 

> 

Ull-4 

OO 

Oo_i      00 

UJ 

UJ 

h- 

x< 

*~ 'i— i^i 

*-**-*~Da.^ 

> 

< 

> 

oo 

f-H- 

00  OO  q:  oo  00  CD  o  < 

< 

UJ 

2 

oooo<fooo-xocr: 

O0 

00 

>— 

ZC 

"»<2:*a.<K_Jt- 

<NJ 

X 

X 

X 

*    *     #  *  *  * 


##  #** 


101 


ft* 

** 

♦  * 

ftft 

*ft 

U- 

ft* 

** 

_] 

ftft 

** 

< 

*ft 

** 

X 

ftft 

#* 

LU 

ftft 

** 

x>- 

** 

** 

1— CD 

ftft 

*ft 

ft* 

ft* 

C2 

ftft 

ft* 

eSCCJ 

ft  ft 

ft* 

•-•ex. 

ft* 

** 

KD 

ft* 

** 

h- 

ft* 

** 

hZ 

ft* 

ft* 

-IS 

ftft 

** 

Cl<    • 

ft  ft 

*ft 

oocco 

ftft 

ftft 

Omj 

ftft 

** 

LL       3 

*  ft 

*ft 

oio 

*•* 

ft* 

CJ_I 

ftft 

ft* 

K<l_J 

ftft 

*ft 

o"J< 

ftft 

*  * 

UJ 

*  * 

** 

u_   •>«/) 

ftft 

ftft 

LLUJi-i 

ftft 

ftft 

I4JNJ 

ft* 

ftft 

•-it/) 

ftft 

** 

UJ00_J 

«  * 

ft* 

I    o 

ftft 

** 

i — ia 

ftft 

ftft 

<Q. 

ftft 

*ft 

i/>r> 

ftft 

ftft 

t-u>2: 

ft* 

** 

OOLUuj 

ft* 

ftft 

UJ      LU 

ftft 

*ft 

1— LL2 

.*.*■ 

f  * 

Ol- 

ft* 

*ft 

s:    uj 

ftft 

** 

<O0cO 

** 

ftft 

ctz 

ft* 

** 

ooz 

ft* 

ft  ft- 

OmO 

ft* 

ft* 

ort—  hi 

ftft 

ft* 

cx-ot- 

ftft 

ft* 

UJ< 

ft* 

*ft 

ooook 

ft* 

ftft 

►-*    a: 

ftft 

*ft 

IOD 

ftft 

*ft 

H-^CL 

ftft 

*  *■ 

h-to 

ftft 

*ft 

z 

** 

ft* 

•0<£ 

ftft 

ftft 

Zh-<x 

ft* 

ftft 

OZh 

ft* 

ft* 

•-H»-H 

ft* 

ft* 

t-    o 

ftft 

•it  « 

Q — 12 

ft  ft 

ft* 

oo 

ft* 

ftft 

o 

*ft 

ft* 

-JO.    • 

ftft 

ftft 

a    h- 

ft  ft 

ft* 

UL'jU- 

ft* 

** 

Q ILL) 

ftft 

*  ft 

co— i 

ft  ft 

*ft 

»-<U- 

ftft 

ft* 

mK 

ftft 

ftft 

_l<t'J 

*  ft 

ft* 

cx.0j_ 

ftft 

ft* 

OOctK 

ft* 

UJ 

UJ 

h- 

OL 

cc 

>-•-* 

UJ 

<t_J 

X 

oo 

JW 

UJ 

UJO 

\- 

2 

Q< 

»-l 

»-• 

LL 

-J 

O 

»- 

a. 

z 

cci- 

00 

Ui 

a. 

oo 

Q 

</)■*: 

UJ 

UJ 

zor 

cc 

_i 

<a 

=) 

*-* 

a3 

_J 

<l 

h-LU 

t— 1 

LL 

CC 

< 

> 

ll. 

> 

ctra; 

—I 

<o 

2: 

2: 

CC  LL 

o 

o 

H 

o 

Q 

•^s: 

z 

z 

co  a: 

< 

< 

ixo 

a: 

CC 

<LL 

X 

UJ 

z 


x 

XD 
WO 

zee 

X 
LJt- 


00 -J 

< 
CMU- 

V) 

UJ  O- 

>J  Z»li 

Z5  UJZ 

O  00O 

00  UJ 
X  X 
h-      O  _J 

Z         00  >-l 

o  < 

2:    o  u. 

•-  CC 

>- 

I-     o     o  > 

Ol.      Z      ^>  < 

l-i      *H         •  X       Z 

X      D       •  ►     cC  •-• 

h-     0C       »X  <NJ       •  •• 

O      oo    ».  ^  CM      Q  Ol 

CC     O     O-r-t  -  z     zee  z 

O      O      »-«^.  U>  I—  LL      <UJ  < 

U-      <      X    ►  a.  x  •■     CC.CX.  Q'. 

W+  yj  HI  CC       4^0  I— 

O0      i/)      •«*(—  X  Z  lUx*'*  v» 

uj  ex.  z:Z  ••                         r-i    ex.    xx.-h    hi 

Z  •-•  LL1-*  •-•     h                     ft      O       «x*      ftxro 

.-.  X 

<J5  O0 

Z  UJ  UJ 

U3  UJ  UJID  ^      CH                    UU 

UJ      <t       <<  <      U.O  Z 

H      CC      dl>      K      H-  CC      >      O0ZIU      0<IU 

<t    tu    lulu    m    h    y     ^    w    ui    z<s->x.>->>Zj 

UJ      Z      Z>      _l      _»      CC      CC      \~       >      O-ScCt-OQUJ 

cc     uj     u«i     ex.     ex.     <a     •<     z     <i     ccOpu<0<jCZ> 
o     O      O00     CO      </>      21      s:      KJ      00     \~<X.— I2T-J      o 

r—     »—    t—  >     z 

x      z     UJ  <I      h- 

uj    r)    uj  z    o 

z     CJ    _i  ct     -j 

O      li- 
ft *****        *     *     *     *     *     *     * 


102 


1 

> 

fi 

UJ 

<M 

1 

< 

• 

z 

*- 

-J 

I  O 

0 

OC 

X. 

UJ 

"~Z 

O 

UJ 

Q 

5^^ 

0 

UJ 

z 

OO 

Z 

z> 

i-» 

00 

z 

OO 

UJLL 

00 

UJ 

0 

c 

l-h- 

LL 

00 

-1 

c* 

oc 

1- 

HH 

O0O0 

> 

U_0 

1—1 

O 

2: 

z> 

1- 

K 

»- 

O 

O 

0 

_J 

XV) 

< 

ocj 

•-I 

to 

»- 

a. 

0 

t— t 

LUH- 

1- 

KH 

_i 

o>- 

0 

z 

< 

zz 

OC 

•— • 

Zuj 

z 

5: 

< 

LL 

UJ 

O 

CNJr-l 

o 

w*: 

0 

oc 

oar 

a. 

< 

LL 

LL 

oc 

s: 

t-< 

00 

CO 

QD 

LL 

UJ 

UJ> 

•— 1 

LL 

UJ 

oc 

0 

Q 

CO 

z 

z 

UJUJ 

-J-J 

X. 

2:0: 

•» 

UJ 

z> 

Z 

-J 

oc 

»— 1 

UJUJ 

or. 

wD 

00 

z 

-J 

< 

X_l 

1— 

0 

CO  03 

CJ 

»-o 

UJ 

1— » 

t— t 

OC 

>-< 

z 

« 

3: 

z 

0 

< 

1— • 

>- 

UJ 

_J-J 

UJ 

oco 

•— • 

z 

UL 

UJ 

3QC 

oc 

on 

oz 

0 

Ul 

X 

UJ 

< 

• 

OO 

U_»-< 

z 

UJ 

K 

00  U_ 

oc 

0 

ir\ir> 

or 

O      ^ 

UJ 

UJ 

X 

UJOO 

1— 

z 

UJ 

=)H-or 

ID 

F 

0 

«-»z 

t-H 

QQ 

»~ 

00_<t 

oC 

00 

< 

Q.< 

CO 

UJ 

■Z.Z 

Z 

UJ<CU! 

Z) 

00 

00 

_J 

Oql 

oc 

K 

UJUJ 

UJ 

Q3j 

0 
ll 

00 

< 

X 

Q. 
»-« 

X 

00 

X 

•— 1 

•— 1 

> 

< 
—1 
a 
oc 

•— 1 

iC 

00 
UJ 

oc 

Z> 

_1 

1— « 

< 

LL 

21 
O 
Q 

LL 

Z 
< 
Ul 

SIX 

OK 

< 

< 
OC 

a. 
O 
oc 
0. 

Q- 

< 

X 

00V) 

• 

0 

a 

•> 

Z 

•W+  •- 

►   •• 

s 

rH 

z 

<s. 

3 

>- 

< 

>-H 

f-« 

000 

t» 

OC 

UJ 

1- 

-J 

OC 

•  S£ 

•* 

iCZ 

_l 

**: 

< 

^ 

_JI- 

z  ► 

\~ 

►<l- 

0 

00 

UJ 

h- 

f-H 

ITl 

m 

<w 

OC 

o-z 

X|- 

>OfUj 

0 

000 

-J 

< 

*: 

X 

X 

h-uj 

O 

U;_lf-i 

lijX 

-JKUJ 

0l 

ifM-K 

*» 

X 

•» 

X 

X 

V»_J 

LL 

^_JO 

ZUJ 

J«_J 

•■00  00 

z 

r-H 

h- 

•-• 

X 

X 

HHlU- 

*a<~5 

-z 

<XLL 

UJ 

•.  ••  • 

rom 

1      U-f"* 

+r 

UJ 
UJ 
00 

Q-, 

r-l    • 

<M   ■» 

** 

X    .. 

U 
O 

< 

Ul 

r-H      » 

Ul 

X 

(- 

00 

•i-it-<0 
UJ 

OC 

OC 

DC 

O 

DOC 

OC 

Z)    or. 

Q 

Ul          K 

UJ 

0 

i 

^UJOOUI 

ecu 

< 

UJ_juj 

Ul 

-JIUUJ 

< 

1-           < 

\- 

0 

(- 

, 

_JLL_JLL 

(- 

ZLL 

O. 

o«cu_ 

LL 

<OLL 

O 

<       z 

ococ 

zu? 

UJ 

Ul 

00 

00 

oco     00 

z>^ 

f-00 

>ZO0 

_l 

OCI—  t-Hi 

tt,<c^<r> 

~3 

ic 

1 

JUZUiZ 

<mK2 

_J 

^<u:z 

*~Z 

^:uj<z 

tui-.t-is; 

H-cloc>< 

LU 

0 

»-!-< 

\-<- 

Q_C00< 

»— » 

C£>>< 

OC_l<t 

oc>>< 

00 

Z-J_JOC 

ZUJ<GU: 

Z> 

U) 

oo<oc<ior. 

UJOUiOC 

<L 

<Q<Ccy 

«co  nc 

<f*tOCL 

t-H 

u»o_q_uj 

0JO5L<_) 

O 

X 

UJl 

L5F 

<J?h- 

Q-JI-J- 

LL 

5-<t00l— 

2H/)K 

5ioo<ri— 

X 

^00  001— 

0 

H 

OC 

H- 

z 

iL 

O 

m 

-J 

UJ 

> 

oc 

O 

3 

X 

t-i 

01 

< 

<x 

O 

1- 

X 

< 

UJ 

_j 

UJ 

h- 

X 

LL 

X 

0 

—J 

00 

OC 

OC 

*     *-x* 


*** 


* 


*#* 


10  3 


** 

** 

** 

*# 

3 

** 

>- 

** 

0 

** 

< 

** 

0 

z 

** 

X 

** 

< 

*# 

** 

U- 

z 

^ 

** 

1-00 

** 

UJ 

xl 

•— i 

O 

** 

00  UJ 

** 

u_ 

5^ 

CL 

3 

** 

UJZ 

** 

1— • 

O 

O 

0 

UJ 

*# 

h-f-i 

♦  * 

_) 

UJ 

3 

z 

0C 

**• 

o 

**# 

K- 

X 

UJ 

MJ 

*•* 

oz 

*■* 

u_oc 

0 

CC 

0 

** 

hUJ 

*  * 

0< 

O 

h- 

** 

** 

X 

K 

0 

z 

## 

QC 

** 

8*00 

0 

UIO 

1- 

UJ 

• 

«  * 

UJ    • 

** 

O 

z 

occo 

^1 

00 

0 

■ft* 

*C> 

*# 

CT>0 

UJ»- 

C3 

0 

z 

*•# 

« 

** 

h-rsj 

UL 

X 

z 

UJ 

z 

UJ 

*# 

SIO 

♦  * 

OCZt-l 

HH 

V- 

UJ 

X 

UJ 

## 

_l 

** 

O'-'O. 

UJ< 

0 

X 

0 

#* 

2: 

*♦ 

a. 

•- 

2: 

h- 

(— 

z 

#* 

o>- 

** 

UJQ 

UJ 

•-•3: 

a: 

0 

*-H 

*  # 

Ml-     • 

** 

Z3LI- 

z 

H-O 

0 

1— 

h- 

z 

z 

** 

OOt— 10O 

•If* 

DmZ 

»-1 

z 

O- 

X 

Z 

2 

»-H 

<-»o 

#*■ 

•—•_)__? 

*•* 

qc:(—  »-« 

0 

&*> 

00 

O 

t— 1 

0 

< 

CO  CD 

** 

Oi-«|— 

## 

z 

ON 

Z 

1— 1 

0 

2: 

l-H 

*# 

UJo< 

#•# 

</w&e 

UJ 

^0 

< 

_l 

W 

Ul 

#* 

0<i(_ 

** 

u-oo 

r-l 

or 

O 

0 

oc 

OtL 

*  * 

LLoO 

#* 

zc^cr 

UJ 

UJ 

K 

00 

t-H 

< 

wO 

■X* 

UJ 

•K  * 

•— « 

X 

cc\- 

1—4 

u. 

0 

#■«■ 

X-P'O 

#•* 

01-  »- 

H- 

Oh 

3 

1- 

z 

^W 

*•* 

hQlH 

-K--M 

ZDD 

H-<J. 

O 

O 

1D 

u_ 

»u 

OO 

*  * 

(X>- 

•M-* 

UJQ-Q. 

>- 

002 

Z 

< 

a. 

t— 1 

00 

O^r-4 

*#• 

oor>o 

#-* 

< 

>- 

O 

** 

s     _j 

#* 

_l 

0 

-J 

*•-* 

uoo. 

#* 

UJ 

_l 

*-* 

-JZUJ 

*  -ft 

0 

Ol 

U_ 

#•* 

— IhhCJ 

•)>-* 

O 

l-H 

z 

** 

<Q 

*# 

l~ 

*> 

M 

** 

Z< 

*■* 

z 

^ 

X 

UJ 

X 

0 

*# 

2IpiJ 

*•■» 

UJ 

O 

*• 

z 

•« 

-3 

#* 

<clz 

*# 

2. 

l'l 

h- 

> 

I— « 

> 

■« 

*# 

ocus*-* 

■k* 

>- 

X 

Z 

0 

2: 

0 

h- 

O 

•*  # 

00 

**• 

O 

0 

UJ 

—J 

cc 

_i 

O 

1-4 

** 

a    uj 

** 

X 

—1 

•» 

2: 

a. 

UJ 

o_ 

_J 

^v 

** 

cccor. 

*£ 

•> 

Ol 

>- 

> 

Q 

h- 

Q 

stw 

cr 

#* 

CLCCXC 

*■* 

f-» 

UJ 

0 

0 

Vf-4 

UJ 

■w 

ox 

* 

#* 

h- 

*# 

t-£ 

0 

_l 

_l 

>o 

a 

> 

IUX 

>- 

oc 

** 

00     >. 

■*# 

a:  * 

0L 

a. 

••_) 

*» 

X   •• 

_J 

UJ 

*# 

hOU! 

•£*■ 

<th-^-» 

z 

u 

L"J 

na 

Z 

CJ 

ii 

01- 

ocz 

Q»C^ 

■** 

izi 

** 

Sltt:^: 

0 

*« 

0 

OQ 

»— 1 

H 

0 

<&CD 

<»H 

0*v 

*♦ 

H-»-h(- 

*  -K 

l/)<£    - 

X 

_!«*CNJC 

u^ 

>_J 

»uo 

i&CV 

** 

D 

** 

*As:csj 

00 

X 

z 

CLX 

•»-? 

>- 

X 

►v» 

--> 

XH 

** 

ZL 

** 

>t/)t~4 

HH 

• 

0 

QXvO    » 

H 

0 

C^>^H 

o>  ► 

xo_ 

**■ 

•  UiH 

*# 

*~* 

#•* 

zi- 

•** 

Q. 

00 

_J 

•** 

oxo 

»# 

£ 

»-» 

t-H 

UJ 

»-i 

UJ 

UJ 

#* 

t— ««<JLJ 

**■ 

X 

CC 

'-> 

Ol 

O 

D 

QC 

_JUJ 

**• 

•-      Q 

*■■»• 

wj_i 

CO 

Vi 

Q. 

-JUJU^LU 

< 

_J 

Ul 

Ul 

co-J 

** 

O.LL2 

*■* 

0<2 

LL 

•— 1 

<4|OOU_ 

U- 

< 

zoo 

LL 

<CD 

** 

oow 

** 

z>o 

US 

CO 

X 

>2^ZOO 

> 

0    z 

00 

•— i<T 

** 

h- 

** 

^<tl)!..l>-» 

X 

z 

00 

UJ«Z 

•m 

UJ 

t-«i— <ro_z 

o:*-* 

*# 

»~i_x 

** 

a:>>oo 

1- 

<: 

>>>< 

0 

> 

^00>O< 

<0C 

#* 

ZO|jj 

•**- 

<i:o<oo 

QC 

u. 

<QDa. 

UJ 

<r 

^OUJQOO- 

><t 

*# 

UJUJ 

"** 

5<iv><ic 

u. 

i— 

J_ 

o'xjc^r— 

J_ 

00 

<i-<t_j|— 

u-> 

** 

2I"-yj 

*# 

1-1 

1- 

0 

#* 

UJU-CQ 

*# 

> 

> 

x 

> 

H>- 

** 

OUJ 

** 

<l 

O 

0 

_j 

a:0 

*•* 

<I     oo 

*  * 

z. 

-J 

um 

DC 

<r_i 

■*# 

2UJO 

## 

cc 

a. 

X 

< 

2:0- 

## 

<-I — 1 

** 

0 

0 

Ul 

OOQ 

** 

2It-< 

** 

***    * 

* 

;-** 

* 

104 


ft* 

#* 

** 

ftft 

ftft 

*# 

ftft 

LU 

ftft 

»* 

ftft 

X 

ft* 

** 

ft* 

H 

ftft 

** 

ft* 

ft* 

*# 

ft* 

z: 

ft* 

X 

*■* 

ftft 

o 

ft* 

h- 

** 

ftft 

CC 

ft* 

■z. 

** 

ftft 

LL 

ft* 

CO 

o 

** 

ft* 

ft* 

vO 

SI 

-** 

ftft 

o 

*♦ 

0^ 

#* 

ftft 

UJ 

*ft 

a 

< 

** 

ftft 

Q 

*ft 

o 

## 

♦  ft 

Q 

ftft 

UJ 

** 

ftft 

< 

ft* 

a: 

Q-o 

#* 

ftft 

ft* 

UJ 

I-.Z 

** 

ftft 

oo 

** 

> 

xo 

■k-* 

ft* 

UJ 

*♦ 

o 

oo 

** 

ftft 

z 

*ft 

oc 

■*# 

*ft 

♦— « 

*ft 

> 

o^iy 

*•* 

** 

o 

** 

< 

UJ> 

W* 

ft* 

z 

ft* 

_Jo0Q.i-h 

** 

ftft 

UJ 

** 

ma 

_i 

**• 

♦  ft 

*  ft- 

0»h 

iooiu 

*# 

ftft 

UJ 

ft* 

XUJQ 

## 

ft* 

I/) 

*  ft- 

srooz^ 

** 

ftft 

o 

ft* 

< 

Ml 

*  * 

ft* 

X 

ft  ft- 

a:><S>(j> 

** 

O0 

ftft 

h- 

ft  ft- 

OhZz 

**■ 

5l 

ftft 

ft  ft 

ou. 

UO 

** 

< 

*# 

oo 

ft* 

on»- 

'    < 

**■ 

Ct 

ftft 

LU 

** 

Q.LL 

CM_| 

*# 

CD 

ftft 

Q 

** 

** 

CJ 

## 

Z> 

*  * 

** 

(X 

*  * 

_J 

*•* 

#* 

ex. 

#* 

O 

** 

»*• 

*  ft 

z 

** 

*# 

u. 

ft  ft- 

t—1 

*  ft 

#■«■ 

o 

ft* 

ftft 

## 

ftft 

z 

ft* 

** 

Q 

ft* 

o 

*ft 

** 

z 

ft* 

»— t 

*ft 

** 

UJ 

** 

»— 

ft* 

#« 

ft* 

o 

** 

** 

ft* 

UJ 

*ft 

** 

ft -Si- 

00 

ft* 

CD 

** 

ft  ft 

*  * 

< 

1-     ro 

*•«• 

ft* 

00 

ft  ft- 

_)C 

»z     X 

** 

ft* 

l-H      • 

ft* 

U-LOlD       X 

■»t* 

ftft 

IZ 

** 

Dl^O      x 

*# 

ftft 

l-< 

ftft 

<#J    ••<_)         •• 

** 

*  r. 

a: 

*ft 

xo 

i  •>    o 

** 

*ft 

cd 

ft* 

Xc-<CvJnJ-,h© 

** 

ft* 

•c 

ft* 

#* 

ftft 

Za: 

** 

** 

ftft 

□  a. 

ft* 

LU 

** 

*  * 

•— • 

ftft 

K 

** 

*« 

>-UJ 

*-  * 

UJ 

m     < 

** 

*■* 

OLh- 

*  * 

uz 

o     z 

** 

** 

o< 

ft* 

zei-z    .-« 

** 

ft* 

cd 

ftft 

^<t»~ 

i»-i<q.5: 

** 

*ft 

:»"►-. 

** 

DC>oo_j>Oa: 

** 

ft* 

<CDC 

tt« 

<awaQCLU 

** 

ft* 

au_ 

** 

5:<r<! 

;v)<uh 

** 

*ft 

o 

ft* 

** 

ft* 

o_i 

ft* 

u_ 

ro 

** 

ftft 

q:cj 

ftft 

a. 

X 

** 

ft* 

a  ur. 

¥•  * 

V) 

X. 

**- 

** 

h- 

«  ft- 

r> 

X 

•*#• 

ftft 

LL< 

ft* 

*^ 

ftft 

a.  a. 

ftft 

**#* 

** 

** 
** 
** 
** 
## 
** 
** 

** 
** 
■** 

*  * 
** 
** 
** 

*  * 
■»<•* 
** 
*■♦■• 
it* 
*« 
** 
** 
** 
** 
** 
#* 

•>!  * 

** 
** 
#* 
#* 

ft* 
** 
*-K- 
**i- 
**• 

*  ft 

#* 
** 
** 

*  * 

** 
** 
ft* 
ft* 
ft* 

*  ft 

ft  ft 
ft* 
ft* 
ft  ft 
ft  * 
ft  ft 
ft  ft 
ft* 
ftft 
ft* 
ft* 
ft  ft 
*ft 
ft  ft- 
ft ft 

*  ft 

ftft 
ftft 
ftft 
ftft 
ftft 
ft* 
ft* 
ftft 


105 


LIST  OF  REFERENCES 


1.  Goodman,  R.  M.  and  Pivonka ,  L.  M.  ■/■  A'  Simulation  Study 

•  of  the'  Time- Sharing  Computer  System  at  the  Naval 

•  Postgraduate  School,  U.S.  Thesis,  Naval  Postgraduate 
School,  Monterey,  California,  June  1969. 

2.  Internation  Business  Machines  Corporation  Form 

H20-0326-2,  General  Purpose  Simulation  System/36  0 
User's  Manual,  19  67. 

3.  Litton  Ship  Systems,  LM-2500  Propulsion  Gas  Turbine 

Maintenance  Engineering"  Analysis  Record,  1  December 
TTH7. 

4.  Navy  Maintenance  and  Material  Information  System, 

Steaming,  Operating  and  Fuel  Listing,  20  August 

i57i: 


106 


INITIAL  DISTRIBUTION  LIST 

No.  of  Copies 

1.  Defense  Documentation  Center  2 
Cameron  Station 

Alexandria,  Virginia   22314 

2.  Library,  Code  0212  2 
Naval  Postgraduate  School 

Monterey,  California   9  39  40 

3.  Chief  of  Naval  Personnel  1 
PERS-llb 

Department  of  the  Navy 
Washington,  D.  C.   23070 

4.  Naval  Postgraduate  School  1 
Department  of  Operations  Research 

and  Administrative  Sciences  (Code  55) 
Monterey,  California   9  39  40 

5.  Asst.  Professor  J.  K.  Hartman  1 
Code  55    (thesis  advisor) 

Department  of  Operations  Research 

and  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  California   9  39  40 

6.  Asst.  Professor  A.  R.  Washburn  1 
Code  55    (thesis  advisor) 

Department  of  Operations  Research 

and  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  California   9  39  40 

7.  Assoc.  Professor  M.  G.  Sovereign  1 
Code  55 

Department  of  Operations  Research 

and  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  California   9  39  40 

8.  Assoc.  Professor  D.  A.  Schrady  1 
Code  55 

Department  of  Operations  Research 

and  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  California   9  39  40 


107 


9.  Naval   Ships    Systems   Command  ID 

Washington,    D.    C.       20  36  0 
Attn:    PMS-389 

10.  Naval   Ships   Systems   Command  1 
Washington,    D.    C.      20  350 

Attn:    SHIPS    046 

11.  LT   John   S.    Cushing,    USN  1 
133    Gullott  Drive 

Schenectady,    New  York      12306 

12.  LT   William  K.    Gautier,    USN  2 
3703   Halls    Ferry   Road 

Vicksburg,   Mississippi      39180 

13.  LT    Douglas   A.    Long,    SC ,    USN  1 
412    Ives   Avenue 

Big   Rapids,    Michigan      49  30  7 

Ik,  Mr.    Eugene   P.   Weinert,    Head  1 

Combined   Power  and  Gas   Turbine   Branch 
Naval    Ship   Engineering   Center 
Philadelphia   Division 
Philadelphia,    Pennsylvania  19112 


108 


Security  Classification 


DOCUMENT  CONTROL  DATA  -R&D 


(Security   classification  of  title,    body  ol  abstract  and  indexing  annotation  mu.sf  be  entered  when   the  overall  report  Is   classified) 


I     ORIGINATING    ACTIVITY   (Corporate  author) 

Naval  Postgraduate  School 
Monterey,  California   93940 


Zm.   REPORT    SECURI  TV    CLASSIFICATION 


Unclassified 


2b.  GROUP 


3   REPORT  TITLE 


A  Simulation  Study  of  the  LM-2500  Gas  Turbine  Engine  Inventory  System 

4.   DESCRIPTIVE   NOTES  (Type  of  report  and.inclusive  dates) 

Master's  Thesis;  March  1972 

5     au  THOR(S)  (First  name,  middle  initial,  last  name) 

John  Scott  Cushing;  William  Kirten  Gautier;  Douglas  Allen  Long 


6.    REPOR  T    D  A  TE 


March    1972 


7a.     TOTAL    NO.    OF    PAGES 


110 


76.    NO.    OF    REFS 


»«.    CONTRACT    OR    GRANT    NO. 


b.    PROJEC  T   NO. 


9a.    ORIGINATOR'S    REPORT    NUMBERIS) 


9b.   OTHER   REPORT   NO(S)  (Any  other  numbers   that  may  be  assigned 
this  report) 


10      DISTRIBUTION    STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


II.    SUPPLEMENTARY    NOTES 


12.    SPONSORING    MILITARY    ACTIVITY 


Naval  Postgraduate  School 
Monterey,  California   93940 


13.  ABSTR  AC  T 


LM-2500  gas  turbine  engine  rotable  pool  requirements  were  studied 
using  computer  simulation.   System  operating  characteristics  were 
observed  with  various  scenarios  and  management  philosophies.   Several 
purchase  plans  were  formulated  and  tested  once  system  trends  were 
established.   From  this  information,  cost-effectiveness  relationships 
were  derived. 

Best  estimates  of  system  variables  indicated  that  cost-effective- 
ness was  optimized  for  a  rework  capacity  of  seven  to  eight  engines  and 
the  purchase  of  fourteen  to  sixteen  engines  early  in  system  life  as 
rotable  pool  spares. 
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